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Effects of Fertilizer Potassium on Coastal 
Bermudagrass Grown on Coastal Plain Soil 
M. M. EICffilORN, JR., 1 B. D. NELSON,2 M. c. AMACHER,3 w. 
B. HALLMARK,4 M. R. BRANT,5 S. A. BARTKIEWICZ,6 L. DEVOLD,6 
AND J. D. FONTENOT6 
Coastal bermudagrass, Cynodon dactylon (L) Pers., is a warm-season, 
perennial forage grass . The grass is widely grown for pasture and hay 
on upland sandy soils of the Coastal Plain in the southern United States. 
Throughout north Louisiana, where approximately 100,000 acres of 
Coastal Plain soil are devoted to Coastal bermudagrass, many fields that 
were once highly productive hay meadows have experienced a gradual 
decline in yield over the years. Previous research (12, 13)1 showed that 
annual yield reductions were closely related to stand loss; both were 
associated with availability of soil potassium (K). 
A 6-year fertilizer study was initiated in 1979 at the Hill Farm Research 
Station, Homer, La. , to determine the influence of K fertilization on 
Coastal bermudagrass performance. An existing planting that had expe-
rienced severe stand loss and yield reduction during 10 years of hay 
harvest was chosen for the experimental site. 
Objectives were to: 1) evaluate effects of fertilizer K on stand recovery 
and maintenance; 2) determine effects of fertilizer K on yield, nutrient 
concentration, nutrient uptake, and nutritive value of forage; 3) determine 
effects of fertilizer K and cropping on soil K; and 4) determine effects 
•Associate Professor, Hill Fann Research Station, Louisiana Agricultural Experiment 
Station (LAES), Louisiana State University Agricultural Center (LSUAC), Rt. 1, Box 
10, Homer, La. 71040. 
2Associate Professor, Southeast Research Station, LAES, LSUAC, P.O. Drawer 567, 
Franklinton, La. 70438. 
3Assistant Professor, Department of Agronomy, LAES, LSUAC, Baton Rouge, La. 
70803. 
•Associate Professor, Iberia Research Station, LAES, LSUAC, P.O. Box 466, 
Jeanerette, La. 70544. 
sResearch Associate, Department of Experimental Statistics, LAES, LSUAC, Baton 
Rouge, La. 70803. 
6Research Specialist, Instructor, and Associate, respectively, Feed and Fertilizer Lab-
oratory, LAES, LSUAC, Baton Rouge, La. 70803 . 
' Italic numbers in parentheses refer to Literature Cited, page 66. 
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of soil K and residual fertilizer K, after 5 years of K fertilization and 
cropping, on yield, nutrient concentration, nutrient uptake, and nutritive 
value of harvested forage. 
Review of literature 
Coastal bennudagrass has the ability to produce a root system capable 
of absorbing essential plant nutrients from great depths in Coastal Plain 
soils. A profusion of roots was observed at 6- to 9-feet depths in deep-
phase sandy soils in Georgia (9), North Carolina (41), and Texas (23). 
In shallow-phase sandy soils of Louisiana ( 17) and Texas (22), roots were 
observed to penetrate both Ap and Bt soil horizons. Because of this ability 
to absorb nutrients from such a large volume of soil, researchers have 
had considerable difficulty determining fertilizer requirements, especially 
K, for optimum production of Coastal bennudagrass. Response to K 
fertilizer was minimal on recently established plantings (24, 26, 27, 41), 
but a dramatic response to K fertilizer occurred after soils had been 
cropped for several years (13 , 25, 27, 41 ). 
Several K deficiency symptoms were observed where Coastal ber-
mudagrass responded ~o appli_ed fertilizer K. The_ sympto~s included: 1) 
leaf-spot disease associated with the fungus Helmznthosporium spiciferum 
(20); 2) leaf-spot disease associated with the fungus Helminthosporium 
cynodontis (32); 3) leaf-spot disease and subsequent winter-kill of crowns 
and rhizomes associated with toxin production from a variant of the fungus 
Helminthosporium cynodontis (14 , 16, 30); 4) stand loss resulting from 
winter-kill (2, 4 ); 5) stand loss resulting from a reduction in rhizome 
production (27); and 6) stand l_o~s associ_ate~ with an improper ratio of 
fertilizer nitrogen (N) to K fertilizer applicatJ.ons (8, 25 ). 
Tissue concentrations of K in C~astal bennudagrass forage were: 1) 
less than 1 percent where leaf-spot disease and stand loss were associated 
with Helminthosporium cynodontis (14, 32); 2) less than 1.5 percent 
where stands diminished irrespective of fertilizer N rate applied (8, 25). 
3) less than 1.85 percent where stands suffered winter-kill (21 ); 4) les~ 
than 3 percent where rhizome production was lowered and stands thinned 
(27, 29). 
Several investigators (1, 8, 14, 21, 25, 31, 41) have predicted tissue 
concentrations of K in Coastal bennudagrass required for optimum forage 
yields. These ranged from .8 percent to 2.45 percent. The wide range 
demonstrates the need to refine these requirements further. 
An imbalanced N to K fertilization program in the presence of Coastal 
bennudagrass cropping for several years reduced yields and hastened 
depletion of available soil K (8, 18, 25, 33). Optimum yield and con-
servation of soil K occurred where fertilizer N and potash (K Q) were 
applied at a ratio of either 2:1 (8) or 1:1(15,19, 21, 41). 
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Information relative to rates of applied N and K20 required for regen-
erating diminished stands of Coastal bermudagrass is limited. On east 
Texas Coastal Plain soils, annual fertilization with 240 pounds per acre 
each of N and K20 (1:1) for 2 years regenerated a diminished stand to 
full recovery (28 ). 
Application frequency of annually applied K fertilizer influenced 
Coastal bermudagrass performance (3, 8, 13, 34). Split applications of 
applied K20 rates produced highest forage yields while soil K was main-
tained at highest levels . There is a lack of research on effects of application 
frequency of K20 rates on stand recovery, performance, and available 
soil K on soils where Coastal bermudagrass previously exhibited K de-
ficiency symptoms. 
The role of K fertilization relative to nutritive feed value of Coastal 
bermudagrass has received little attention. A recent literature review ( 15) 
revealed that K requirements of ruminant animals for growth and body 
maintenance are so low that even a deficient K tissue concentration in 
the forage is not likely to limit animal performance ( 11 ). Forage diges-
tibility increased to 1. 3 percent when K tissue level increased from 1 
percent to 2.05 percent (14). A small improvement in in vitro digestible 
dry matter (IVDDM) of bermudagrass affected animal performance sub-
stantially (JO, 40). 
Materials and Methods 
The study was conducted for 6 years on a typical upland Coastal Plain 
soil that was previously cropped for 10 years with Coastal bermudagrass 
for hay. The soil was a Typic Paleudult (Shubuta-Ap, fine sandy loam 
at 0- to- 6-inch depth; Bt1, sandy clay at 6- to 16-inch depth; and Bt2 , 
sandy clay at 16- to 48-inch depth) with a slope of 1 percent to 4 percent. 
Yield of hay harvested from the site immediately prior to initiation of 
the study was estimated at 60 percent of potential. Forage exhibited severe 
leaf-spot disease symptoms (16), and stand coverage was approximately 
50 percent. 
Experimental plots, 8 x 20 feet, were arranged on the site November 
1, 1979, in a randomized complete block design having four replications. 
Plots were separated by alleyways 3.5 feet wide. 
Composite soil samples at 0- to 6-inch and 6- to 12-inch depths were 
collected from each plot in November of each year for the duration of 
the study. Soil samples were analyzed (7) for soil reaction (pH), phos-
phorus (P), K, calcium (Ca), and magnesium (Mg). Based on soil anal-
yses, an application of 2 tons per acre of dolomitic limestone was made 
on December 1, 1979, and 1 ton per acre on December 12, 1983, to 
adjust soil reaction to pH 6.5 to 7.0. 
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Experimental plots were bilmed in February of each year and sprayed 
with a broadcast application of 1.5 pounds per acre of Princep SOW [2-
chloro-4, 6-bis (ethylamine) 5-triazine] for weed control. Stands were 
maintained weed free throughout each growing season by hand weeding 
and application of 1 pound per acre of 2, 4-D (2, 4-dichlorophenoxyacetic 
acid). 
Stand density of each plot was determined visually on April 20 of each 
year when Coastal bermudagrass growth from crowns had become fully 
evident. 
Annual fertilization practices common to all plots, with the exception 
of fertilizer K, were as follows: 1) N was applied as ammonium nitrate 
(34-0-0) at 100 pounds per acre on April 1, and after the first, second, 
and third cuttings for an annual total of 400 pounds per acre; 2) phosphate 
(P20 5) was applied as triple-super phosphate (0-46-0) on April 1 at 150 
pounds per acre; 3) sulfur (S) was applied as gypsum (15.2 percent S) 
on April 1 at 90 pounds per acre and 4) boron (B) was applied on April 
1 as sodium borate (12 .5 percent B) at 2 pounds per acre. Fertilizer K 
treatments were applied annually for 5 years as potassium chloride (0-0-
60) at 0, 100, 200, 400, and 600 pounds per acre of potash (K20) in one 
increment (total April 1), two increments (V2 April 1 and V2 after second 
harvest), and four increments (V4 April 1 and V4 after first, second, and 
third harvests) . In the 6th year, K20 was not applied . 
Experimental plots were harvested when Coastal bermudagrass had 
attained early seedhead development. Four cuttings were made annually 
except for 1983, when severe drought during the latter part of the growing 
season prevented a fourth cutting. Mean cutting dates were May 19, June 
30, August 10, and September 25 . Standing forage in the middle of each 
plot was cut to 1-inch stubble height with a 6-foot sickle-bar mower, 
raked, stacked on burlap squares , weighed, and sampled for moisture 
determination. Samples of 2-pounds weight were dried in a convection 
oven at 140° F for 5 days. Dry matter yield was determined as a function 
of green forage yield per acre and moisture concentration. 
In preparation for chemical analyses , dried samples were ground to 
pass a 1-mm sieve, subsampled, and coded. Subsamples were analyzed 
( 38) for the following: 1) crude protein (CP); 2) IVDDM; 3) acid-detergent 
fiber (ADF); 4) neutral-detergent fiber (NDF); and 5) cell contents (CC). 
Crude protein yield (CPY) and digestible dry matter (DDMY) were de-
termined as a function of dry matter yield and concentration of CP and 
IVDDM, respectively. 
Subsamples of forage from each plot were also analyzed (5) for plant 
nutrients N, P, K, Ca, and Mg. Uptake of each nutrient was determined 
as a function of dry matter yield and concentration in the forage. 
Plant nutrient data were analyzed by the Diagnosis and Recommen-
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dation Integrated System (ORIS) (6). Yield and chemical data were sub-
jected to analysis of variance, .correlation, and regression analyses (39). 
Results and Discussion 
Stand Loss and Recovery 
Annual K fertilization practices and Coastal bermudagrass cropping 
for hay influenced stand loss and recovery rate of a diminished stand 
(Table 1). Stand recovery to optimum level required 3 years ' application 
of at least 200 pounds per acre of K20 in one increment or 100 pounds 
per acre of K20 in two or four increments. In absence of applied K20, 
stands continued to diminish annually from a level of 57 percent in 1980 
to 43 percent in 1983. 
Table 1.-Effects of potassium fertilizer rates and application frequencies on spring 
stand density of Coastal bermudagrass, 1980-85 
Treatment 
K,0 Appl. Year 
rate freq . 1980 1981 1982 1983 1984' 1985 
lb/A 
----------------------------------------- % --------------------------------"---------
0 0 57 46 38 43 17 29 
100 24 55 50 76 62 66 
200 35 60 72 84 71 84 
400 42 67 83 91 79 93 
600 1 36 60 81 92 84 94 
100 2 36 69 75 86 79 86 
200 2 49 69 82 91 87 90 
400 2 45 66 85 91 86 90 
600 2 46 70 87 92 87 91 
100 4 47 55 69 88 76 84 
200 4 45 74 87 91 76 89 
400 4 41 79 89 91 82 88 
600 4 58 80 88 90 90 90 
LSD (.05)* ns 15 16 12 16 14 
Among application frequencies over all rates 
1 34at 61b 72b 86a 74b 84a 
2 44a 68a 82a 90a 85a 89a 
4 48a 71a 83a 90a 81a 88a 
'Stand density following the severe winter of 1983-84. 
*Fisher's protected least significant difference at 5 percent level of probability. 
tMeans having a letter in common within columns are not significantly different at 5 percent level of 
probability; mean separation by contrasting treatments within the analysis of variance. 
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Previous K fertilization and cropping affected stand recovery following 
the winter of 1983-84, which was the coldest on record at this location. 
Average minimum monthly temperatures of 28, 26, and 36°F were re-
corded for December, January , and February, respectively. Stand dens-
ities in the spring of 1984 were lower than those of 1983 across treatments , 
except for the 600 pounds per acre of K20 treatment applied in four 
increments. Maximum stand loss was 26 percent at 0 pounds per acre of 
K20. By the spring of 1985, stands had recovered to 1983 levels, except 
where K20 was applied at 0 and 100 pounds per acre in one increment. 
Differences among application frequencies over all rates were not sig-
nificant (P> .05) after 5 years of K fertilization and cropping. 
Stand density was maintained across years at highest levels where K20 
rates of 600 pounds per acre were applied (Figure 1). Stands diminished 
an additional 6.4 percent annually where Coastal bermudagrass was 
cropped for hay in absence of applied K20 (Appendix Table A-1) . 
100~--------------~ 
0 ,._ __ _ 
100----
200 • • · ----
400 lSBBBBBBBBBB~ 
YEAR (l 980-1985) 
Figure 1.-Effects of annual potassium fertilizer rates on spring stand density of 
Coastal bermudagrass across years. 
Forage Yields 
Environmental conditions for years 1980 through 1984 were highly 
erratic for production of Coastal bermudagrass. Forage yield was reduced 
by moderate to severe drought each year except 1981. 
Mean annual yields of Coastal bermudagrass were not affected by 
annual application of K20 treatments in 1980 (Table 2). Thereafter, and 
over all years , yields were lowest (P<.05) among treatments where K20 
was not applied. Yields , for the most part, maximized at 600 pounds per 
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acre of K20 applied in either one or two increments, and at 400 pounds 
per acre applied in four increments. Yields were not different (P> .05) 
among application frequencies at any applied rate. 
Table 2.-Annual forage yields of Coastal bermudagrass as influenced by potassium 
rates and applicaton frequencies, 1980-84 
Treatment 
K20 Appl. 
Year 
rate freq. 1980 1981 1982 1983 1984 Mean 
lb/A 
---------------------------------------- lb/ A -----------------------------------------
0 0 12,135 11,783 8,506 5,400 6,733 8,919 
100 11,n3 14, 155 12,373 8,835 11,892 11,806 
200 12,691 15,621 13,948 9,683 14,450 13,279 
400 12,533 16,838 15,786 l0J647 16,060 14,373 
600 12,085 ' 17,227 15,724 10,725 . 16,417 14,436 
100 2 11,490 14,937 12,571 8,428 13,173 12,120 
200 2 11,670 15,979 14,476 9,683 15,074 13,317 
400 2 11,670 16,856 15,397 10,185 15,448 13,911 
600 2 13,006 17,720 15,809 10,023 15,890 14,489 
100 4 11,756 15,137 13,034 8,739 13,329 12,399 
200 4 12,328 16,380 14,418 9,927 14,862 13,583 
400 4 12,556 17,436 15,806 10,247 15,591 14,341 
600 4 12,984 17,947 15,154 9,845 15,217 14,230 
LSD (.05)* ns 1,735 1,975 1,495 1,704 1,420 
Among application frequencies over all rates 
l 12,271at 15,960a 14,458a 9,973a l4,705a 13,743a 
2 11,959a 16,373a 14,488a 9,580a 14,897a 13,459a 
4 12,406a 16,732a 14,613a 9,690a 14,750a 13,638a 
*Fisher's protected least significant difference at 5 percent level of probability. 
tMeans having a letter in common within columns are not significantly different at 5 percent level of 
probability; mean separation by contrasting treatments within the analysis of variance. 
Annual forage yields declined 1, 715 pounds per acre annually in ab-
sence of applied K20. Yields had a slight tendency to decline where 100 
and 200 pounds per acre of K20 were applied and to increase where 400 
and 600 pounds per acre of K20 were applied. Regression equations are 
reported in Appendix Table A-II, and regression lines are presented in 
Figure 2. 
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Figure 2.-Effects of annual potassium fertilizer rates on forage yield of Coastal 
bermudagrass ac.ross years. 
Mean seasonal yields among K20 treatments are in Table 3. Yields 
were lowest (P< .05) where no KzO was applied and tended to increase 
as rate increased from 100 to 400 pounds per acre at each application 
frequency . Yields were not different (P> .05) among application fre-
quencies over all rates irrespective of cut. 
Mean annual yield responses to KzO treatments over all application 
frequencies are in Table 4. Yield response optimized where 400 pounds 
per acre of K20 was applied annually . Optimum yield response for the 
5-year cropping period was 26,440 pounds per acre. 
Data showed that annual yield reduction occurred as a result of cropping 
the soil in absence of applied KzO and where KzO was applied at rates 
less than that required for optimum forage production. 
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Table 3.-Mean seasonal forage yields of Coastal bermudagrass as influenced by 
potassium rates and application frequencies, 1980-84 
Treatment 
K,O Appl. Cut 
rote freq. 2 3 4 Ikon 
lb/A ---------------------------------------- lb/ A-----------------------------------------
0 0 2120 3266 2028 1882 2324 
100 2824 4070 2853 2574 3080 
200 3335 4431 3142 2963 3468 
400 3562 4745 3513 3192 3753 
600 3574 4574 3460 3534 3685 
100 2 2961 3933 2835 2988 3179 
200 2 3550 4072 3203 3114 3484 
400 2 3447 4447 3364 3316 3643 
600 2 3840 4519 3385 3432 3794 
100 4 3166 4057 2880 2869 3243 
200 4 3717 4415 3074 2971 3455 
400 4 3513 4573 3527 3410 3756 
600 4 3663 4602 3307 3322 3723 
LSD (.05)* 612 437 375 384 307 
Among application frequencies over all rotes 
1 3324ot 4455o 32420 3066o 35210 
2 34490 4243o 31970 32130 3525o 
4 3515o 44120 31970 31430 35670 
*Fisher's protected least significant difference at 5 percent level of probability. 
t lkons having a letter in common within columns ore not significantly different at 5 percent level of 
probability; mean separation by contrasting treatments within the analysis of variance. 
Table 4 . .:_Annual Coastal bermudagrass forage yield response to potassium fertilizer 
rates over all application frequencies, 1980-84 
Annual 
K,O 
rote 
lb/A 
0 
100 
200 
400 
600 
Year 
1980 1981 1982 1983 1984 Total 
---------------------------------------- lb/ A-----------------------------------------
0 0 0 0 0 0 
- 462 2960 4154 3227 6065 15,944 
95 4210 5675 4325 8062 22,367 
118 5269 7170 4920 8967 26,449 
556 5848 7056 4758 9108 27,326 
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Nutrient Concentrations in Forage 
Application of K fertilizer affected tissue concentrations of K in Coastal 
bermudagrass forage. Mean K in forage from each cutting increased 
(P:s;.05) as applied K20 increased from 0 to 600 pounds per acre, irre-
spective of application frequency (Table 5). Forage with highest (P:s;.05) 
K concentration was harvested from the first and third cuttings where 
rates were applied in one and two increments, respectively. When forage 
was harvested the second and fourth time, highest K concentration oc-
curred where rates were applied in either one or four increments at the 
second cutting and in two or four increments at the fourth cutting. 
Table 5.-Mean percent potassium in Coastal bermudagrass forage harvested from 
each cutting over all years as influenced by potassium rates and application frequencies, 
1980-84 
Treatment 
K,O Appl. 
Cut 
rate freq. 2 3 4 Mean 
lb/A ----------------------- % ---------------------------------------
0 0 0.96 0.77 0 .65 0 .74 0.78 
100 1.70 1.13 0.85 0.80 1.12 
200 2.14 1.53 1.10 1.07 1.46 
400 2.51 2.09 1.73 1.60 1.98 
600 2.61 2.36 2.04 1.88 2.22 
100 2 1.57 1.14 1.25 1.12 1.27 
200 2 1.84 1.36 1.48 1.37 1.51 
400 2 2.31 1.82 2.02 1.78 1.98 
600 2 2.44 2.21 2.29 2.00 2.23 
100 4 1.31 1.08 0.98 1.08 1.11 
200 4 1.59 1.40 1.29 1.31 1.40 
400 4 2.11 2.03 1.85 1.81 1.95 
600 4 2.35 2.30 2.14 2.07 2.21 
LSD (.05)* 0.15 0.26 0.18 0 .17 0 .16 
Among application frequencies over all rates 
1 2.24at 1.78a 1.43c 1.34b 1.70ab 
2 2.04b 1.63b 1.76a 1.57a 1.75a 
4 l.84c l.70ab • 1.56b 1.57a 1.68b 
*Fisher's protected least significant difference at 5 p«cent level of probability. 
tMeons having a letter in common within columns are not significantly diffet"ent at 5 percent level of 
probability; mean separation by contrasting treatments within the analysis of variance. 
Mean K concentrations in forage over all cuttings ranged from . 78 
percent at 0 pounds per acre of K20 to 2.23 percent at 600 pounds per 
acre applied annually in two increments . K concentration in forage in-
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creased (P<.05) at each application frequency as applied K20 increased 
to 600 pounds per acre. Forage produced with rates applied in two in-
crements was higher (P~. 05) in K than forage produced with rates applied 
in four increments, while one increment application of rates produced 
forage with K concentration not different (P> .05) from either two or four 
increment application. 
Mean annual concentrations of K in harvested forage over all cuttings 
as influenced by K20 rates and application frequencies are in Table 6. K 
concentration in forage produced in absence of applied K20 was con-
sistently lower (P~.05) than that produced in the presence of applied 
K20. K concentration in forage tended to increase as applied K20 in-
creased to 600 pounds per acre. Over all years, forage fertilized annually 
with K20 rates in two increments was higher (P~.05) in K concentration 
than that fertilized with four increments, but it was not different (P> .05) 
from that fertilized with one increment. 
Table 6.-Mean annual percent potassium in Coastal bermudagrass harvested over 
all cuttings for each year as influenced by potassium rates and application frequencies, 
1980-84 
Treatment 
K,O Appl. Year 
rate freq. 1980 1981 1982 1983 1984 Mean 
lb/A 
--------------------------------
--------- % ------------------------------------------
0 0 1.13 0.86 0.60 0.64 0.64 o.n 
100 1.26 1.15 1.03 1.11 1.11 1.13 
200 1.46 1.44 1.39 1.55 1.59 1.48 
400 1 1.73 1.99 1.95 2.15 2.23 2.01 
600 1 1.82 2.26 2.28 2.39 2.49 2.25 
100 2 1.42 1.41 1.16 1.13 1.23 1.27 
200 2 1.52 1.60 1.46 1.40 1.59 1.51 
400 2 1.70 2.20 2.00 2.05 2.21 2.03 
600 2 1.78 2.35 2.30 2.36 2.48 2.25 
100 4 1.33 1.18 0.97 0.96 1.09 1.10 
200 4 1.36 1.47 1.23 1.39 1.55 1.40 
400 4 1.58 2.04 1.95 2.04 2.20 1.96 
600 4 1.75 2.32 2.26 2.32 2.46 2.22 
LSD (.05)* 0.23 0.21 0.21 0.19 0.30 0.16 
Among application frequencies over all rates 
1 l .57at 1.71b 1.66b 1.80a 1.85a 1.71ab 
2 1.60a 1.85a 1.72a 1.74ab 1.87a 1.75a 
4 1.50a l.75b 1.60c 1.68b 1.82a 1.67b 
*Fisher's protected least significant difference at 5 percent level of probability. 
t Means having a letter in common within columns are not significantly different at 5 percent level of 
probability; mean separation by contrasting treatments within the analysis of variance. 
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K concentration data indicated that fertilizer K was readily available 
for absorption by Coastal bennudagrass . In absence of applied K20, mean 
K in forage minimized at .64 percent, and maximized at 2.61 percent 
where 600 pounds per acre of K20 was applied annually in one increment. 
Mean tissue concentrations of N, P , and Mg in harvested forage were 
affected negatively by annual K fertilization; Ca concentration was not 
affected (Table 7). Among applied annual K20 rates , 100 to 600 pounds 
per acre , concentrations of: 1) N in forage were not different (P> .05); 
2) P in forage was highest (P~ . 05) at 100 pounds per acre but not different 
(P> .05) at higher rates; and 3) Mg in forage decreased (P~.05) as applied 
rate increased. Moreover, concentrations of N, P, Ca, and Mg in forage 
were not different (P> .05) among application frequencies. 
Table 7.-Mean percent nitrogen (N), phosphorus (P), calcium (Ca), and magnesium 
(Mg) in Coastal bermudagrass harvested over all years and cuttings as influenced by 
potassium rates and application frequencies, 1980-84. 
Treatment 
K20 App. 
Nutrient concentration 
rate freq . N p Ca Mg 
lb/A 
--------------------------------- -- % ---------------------------------------
0 0 2.41 0.24 0.40 0 .23 
100 2.31 0.23 0.39 0 .22 
200 2.24 0.22 0 .38 0.21 
400 2.22 0 .22 0.38 0.17 
600 1 2.21 0.22 0.38 0 .18 
100 2 2.25 0 .23 0.38 0.21 
200 2 2.19 0 .22 0 .39 0.20 
400 2 2.23 0.22 0.38 0 .18 
600 2 2.20 0 .22 0.38 0 .17 
100 4 2.25 0 .23 0 .38 0 .22 
200 4 2.21 0.22 0 .38 0.21 
400 4 2.21 0.22 0 .38 0.18 
600 4 2.18 0 .21 0.39 0 .17 
LSD (.05)* 0.09 0 .01 ns 0 .01 
Among application frequencies over all rates 
l 2.25at 0.22a 0.38a 0 .20a 
2 2.23a 0 .22a 0.38a 0.20a 
4 2.22a 0 .220 0.38a 0.20a 
*Fisher's protected least significant difference at 5 percent level of probability. 
tMeans having a letter in common within columns are not significantly different at 5 percent level of 
probability; mean separation by contrasting treatments within the analysis of variance. 
Mean nutrient concentrations in harvested forage as affected by annual 
rates of K20 over all application frequencies, cuttings , and years are in 
Table 8. 
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Table 8.-Meon percent potassium (K), nitrogen (N), phosphorus (P), calcium (Ca), 
and magnesium (Mg) in Coastal bermudagrass harvested over all years and appli-
cation frequencies of potassium fertilizer rates, 1980-84 
Annual 
K20 
rate K N 
Nutrient concentration 
p Ca Mg 
lb/ A ------------------------------------------- % -------------------------------------------
0 
100 
200 
400 
600 
o.n 
1.17 
1.46 
2.00 
2.24 
** 
2.41 
2.27 
2.21 
2.22 
2.20 
** 
Mf value not significant at 5 percent level of probability. 
**f value significant at 1 percent level of probability. 
.23 .40 .23 
.22 .38 .22 
.21 .38 .21 
.20 .38 .18 
.20 .38 .17 
** ns ** 
Mean concentrations of K in forage increased while Mg decreased as 
applied K20 rate increased from 0 to 600 pounds per acre. N and P 
concentrations in forage decreased as K20 rate increased 0 to 200 pounds 
per acre and 0 to 400 pounds per acre respectively, while at higher rates 
of K20, concentrations of each remained similar. Concentrations of Ca 
in forage were not affected (P> .05) by applied K20 rates. 
Relationships between K concentration in forage and concentrations 
of N, P, Ca, and Mg were determined by regression analysis. Regression 
equations are in Appendix Table A-ID, A, B, C, and D, and regression 
lines are in figures 3, 4, 5, and 6. Concentrations of K: 1) increased .2 
percent as concentrations of N and P increased 1 percent and .1 percent, 
respectively; 2) increased until Ca concentration increased to .45 percent, 
.033 
~ 
a:i ' d · 
.• 023 
u 
z 
0 
u 
~ 
2 .013 
en 
en 
~ · 
.003-+- --~---~--~---~--' 
.01 • 2 • 3 • 4 
NITROGEN CONC. (LB/LB) 
Figure 3.-Relationship between potassium concentrations in Coastal bermudagrass 
forage and nitrogen concentrations. 
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but decreased as Ca concentration increased to . 76 percent; and 3) in-
creased until Mg concentration increased to .15 percent, but decreased 
as Mg concentration increased to .41 percent. 
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Figure 4.-Relationship between potassium concentrations in Coastal bermudagrass 
forage and phosphorus concentrations . 
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Figure 5.-Relationship between potassium concentrations in Coastal bermudagrass 
forage and calcium concentrations. 
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Figure 6.-Relationship between potassium concentrations in Coastal bermudagrasfo 
forage and magnesium concentrations. 
Yield and Nutrient Concentrations 
Three procedures, i.e. , analysis of variance, regression analysis, and 
DRIS, were employed for determining tissue concentrations of plant nu-
trients required for optimum production of Coastal bermudagrass. 
Analysis of variance 
Mean forage yield, across cuttings and years, was optimized where 
400 pounds per acre of K20 was applied annually (Table 9). Optimum 
yield, 3,717 pounds per acre per cutting contained mean tissue concen-
trations of 2.0 percent K, 2.22 percent N, .20 percent P, .38 percent Ca, 
and .18 percent Mg. Analysis of variance indicated forage yield decreased 
when tissue concentrations were less than 2.0 percent K, and greater than 
2.22 percent N, .2 percent P, and .18 percent Mg, while mean Ca con-
centration tissue range of .38 percent to .40 percent had no effect on 
yields. 
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Table 9.-Mean forage yield per cutting and percent potassium (K), nitrogen (N), 
phosphorus (P), calcium (Ca) and magnesium (Mg) in Coastal bermudagrass among 
potassium fertilizer rates over all application frequencies and years, 1980-84 
Annual Nutrient concentration 
K20 Forage 
rate yield K N p Ca Mg 
lb/A lb/A -------------------------------% ----------------------------------· 
0 2324 o.n 2.41 
100 3167 1.17 2.27 
200 3499 1.46 2.21 
400 3717 2.00 2.22 
600 3767 2.24 2.20 
•• ** 
~f value not significant at 5 percent level of probabil ity. 
**F value significant at 1 percent level of probability. 
Regression analysis 
.23 .40 .23 
.22 .38 .22 
.21 .38 .21 
.20 .38 .18 
.20 .38 .17 
•• ns •• 
Regression data, Appendix Table A-IV, A, B, C, D, and E, indicated: 
1) forage yields increased to 3,800 pounds per acre as K tissue concen-
tration increased from .30 percent to 2.13 percent; 2) forage yield declined 
from 3,800 pounds per acre to 3,100 pounds per acre as K tissue con-
centration level in~reased from 2 .13 percent to 3.50 percent; 3) forage 
yield decreased from 5,400 pounds per acre at N tissue concentration of 
1. 30 percent to 1, 100 pounds per acre at 4 . 50 percent N; 4) forage yield 
increased from 2, 128 pounds per acre at .1 percent P tissue concentration 
to 3,758 pounds per acre at .21 percent; thereafter, yield decreased as P 
concentration increased; 5) forage yield decreased from 5,050 pounds per 
acre at .13 percent Ca tissue concentration to 1, 100 pounds per acre at 
.76 percent; and 6) forage yield increased from 3,702 pounds per acre 
at Mg tissue concentration of .09 percent to 3,858 pounds per acre at .14 
percent; thereafter, yield decreased as Mg concentration increased. 
Regression lines are in figures 7, 8, 9, 10, and 11. 
Mean optimum yield of 3, 717 pounds per acre per cutting across years 
was predicted by regression analysis to have tissue concentrations of K 
from 1.71 percent to 2.58 percent. N, P, Ca and Mg tissue concentrations 
were 1.97 percent, .18 percent, .33 percent and .18 percent, respectively. 
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Figure 7 .-Forage yields of Coastal bermudagrass as related to potassium tissue 
concentrations. 
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Figure 8.-Forage yields of Coastal bermudagrass as related to nitrogen tissue 
concentrations. 
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Figure 10.-Forage yields of Coastal bennudagnm as related to calcium tissue 
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Figure 11.-Forage yields of Coastal bermudagrass as related to magnesium tissue 
concentrations. 
ORIS 
ORIS norms were developed from data collected in 1981 and are 
reported in Table 10. Mean tissue concentrations of Kin harvested forage 
by treatment, cut, and year, and K concentrations where ORIS diagnosed 
K as most limiting (P:s:;;.05) for Coastal bermudagrass production are in 
Table 11. 
Table l 0.-DRIS norms for diagnosing the plant nutrient most likely to limit production 
of Coastal bermudagrass forage 
Variable 
N 
p 
K 
Ca 
Mg 
N/P 
N/K 
N/Ca 
N/Mg 
P/K 
P/Ca 
P/Mg 
K/Ca 
K/Mg 
Ca/Mg 
Mtaon 
Standard 
deviation Range 
--------------------------------------------- % --------------------------------------------
2.01 .227 1.74 to 2.53 
0.205 .034 0.15 to 0.26 
i.no .464 0.88 to 2.54 
0.407 .076 0.29 to 0.51 
0.170 .036 0.1 1 to 0.26 
------------------------------------------- Ratio--------------------------------------------
10.000 1.472 7.23 to 12.67 
1.233 0.402 0.83 to 2.15 
5.108 1.039 3.67 to 6.90 
12.200 2.129 9.73 to 18.00 
0.123 0.035 0.08 to 0.20 
0.525 0.142 0.30 to 0.79 
1.262 0.378 0.85 to 2.27 
4.65 1.868 1.76 to 7.47 
10.75 3.295 5.50 to 16.55 
2.53 0.843 1.61 to 4.18 
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Table 11.-Mean percent potassium in Coastal bermudagrass forage and treatments 
diagnosed by ORIS to be limiting in K, 1980-84 
Treatment 
K20 Appl. 
Cutting 
rate freq . Year 2 3 4 
lb/A 
---------------------------------------- % ------------------------------------------
0 0 1980 1.34 1.10* o .88* 1.22* 
0 0 1981 1.11 * 0.85* 0.81* 0 .67* 
0 0 1982 0.79* 0.51 * 0.55* 0.53* 
0 0 1983 0.74* 0.68* 0 .51 * 
0 0 1984 0.84* 0.68* 0.50* 0.55* 
100 1 1980 1.63 1.13* 1.12* 1.17* 
2 1.52 1.42 1.27 1.49* 
4 1.42 1.31 1.13* 1.48* 
100 1 1981 1.82 1.22 0.86* 0.71* 
2 1.94 1.22 1.41 * 1.06* 
4 1.59* 1.25 0.98* 0.91* 
100 1 1982 1.71 1.08* 0.70* 0.62* 
2 1.56* 0 .93* 1.20• 0.92* 
4 1.17* 0.84* 0.91* 0.95* 
100 1 1983 1.43 1.06* 0 .84* 
2 1.12 1.13* 1.14* 
4 0.96* 0.93* 1.00* 
100 1 1984 1.88 1.15* 0.74* 0 .69* 
2 1.72* 1.01 • 1.20* 1.01• 
4 1.44* 1.06* 0.87* 0.98* 
200 1 1980 1.79 1.35* 1.23* 1.49* 
2 1.65 1.50 1.45 1.47* 
4 1.44 1.31 1.31 1.38* 
200 1 1981 2.13 1.53 1.07* 1.05* 
2 2.37 1.41 1.69 1.33* 
4 i.n 1.51 1.35 1.24* 
200 1 1982 2.21 1.51 1.04* o.n • 
2 1.87 1.25* 1.53 1.17* 
4 1.46* 1.17* 1.12* 1.17* 
200 1 1983 1.99 1.60* 1.07* 
2 1.54 1.27* 1.40* 
4 1.30* 1.54* 1.32* 
200 1 1984 2.57 1.67* 1.14* 0 .96* 
2 2.17 1.35* 1.35* 1.50* 
1.95 1.46* 1.32* 1.46* 
*Potassium level at which ORIS diagnosed K as most limiting. 
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Table 11.--continued 
Treatment 
K20 App. Cutting 
rate freq. Year 2 3 4 
lb/A 
---------------------------------- % ----------------------------------
400 1 1980 2.07 1.78 1.40 1.67* 
2 1.78 1.54 1.78 1.71* 
4 1.61 1.63 1.47 1.38* 
400 l 1981 2.66 2.18 i.n 1.36* 
2 2.40 1.86 2.07 1.75 
4 2.37 2.14 1.93 1.84 
400 1 1982 2.42 1.95 1.78 1.62 
2 2.34 1.82 2.13 1.70 
4 2.13 1.88 1.93 1.85 
400 1 1983 2.48 2.31 1.66 
2 2.23 2.06 1.85 
4 2.06 2.27 1.78 
400 l 1984 2.92 2.20 2.26 1.75 
2 2.80 1.83 2.12 1.97 
4 2.53 2.21 1.75 1.92 
600 1 1980 2.16 2.05 1.55 1.53* 
2 1.92 1.83 i.n 1.62* 
4 1.82 1.87 1.63 1.69* 
600 1 1981 2.71 2.23 2.16 1.82 
2 2.54 2.21 2.68 1.98 
4 2.41 2.39 2.36 2.14 
600 1 1982 2.53 2.28 2.01 2.06 
2 2.37 2.03 2.08 2.23 
4 2.42 2.10 2.28 2.23 
600 1 1983 2.57 2.72 1.87 
2 2.46 2.57 2.04 
4 2.33 2.65 1.98 
600 . 1 1984 3.06 2.43 2.37 2.10 
2 2.92 2.39 2.42 2.19 
4 2.75 2.47 2.42 2.21 
*Potassium level at which ORIS diagnosed K as most limiting. 
Mean tissue K concentration at which ORIS diagnosed K most limiting 
ranged from .50 percent to 1. 72 percent. 
Among applied K20 rates, ORIS diagnosed K most limiting in forage 
harvested from: 1) 18 of 19 cuttings where forage was produced in absence 
of applied K20, 2) 13, 14, and 16 cuttings that received one, two, and 
four increment applications of 100 pounds per acre of K20, respectively; 
3) 12, 9, and 12 cuttings that received one, two, and four increment 
applications of 200 pounds per acre of K20 , respectively; 4) 2, 1, and 1 
cuttings that received one, two, and four increment applications of 400 
pounds per acre of K20, respectively; and 5) 1 cutting that received 600 
pounds per acre of K20 at each application frequency. 
ORIS data revealed the following: 1) soil available K was at an apparent 
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deficient level at initiation of the study, because tissue K was most limiting 
among nutrients in forage harvested from all cuttings across years in 
absence of applied K20 except for the first cutting of 1980; 2) annual 
applications of K20 at rates of either 100 or 200 pounds per acre, irre-
spective of application frequency, failed to maintain K concentration in 
harvested tissue across years at levels in which K would not be limiting 
among nutrients; and 3) annual applications of K20 at rates of either 400 
pounds per acre, irrespective of application frequency, or 100 pounds per 
acre per cutting were required, for the most part, to maintain K concen-
trations in forage at levels in which K would not be limiting among 
nutrients. 
ORIS data were in agreement with previously presented data relative 
to tissue concentrations of K required for optimum production of Coastal 
bermudagrass. ORIS diagnosed that K did not limit production when K 
concentration ranged from 1. 73 percent to 3. 06 percent. Regression anal-
ysis predicted a K tissue concentration range of 1. 71 percent to 2.58 
percent was required for optimum production. 
Confidence Interval [C.I . (P~ .05)] for mean concentration of K di-
agnosed by ORIS not to be limiting among nutrients was 2.17 percent 
± .06 percent. Mean forage yield C.I. at these nutrient concentrations 
was 3,872 ± 244 pounds per acre. Regression analysis predicted max-
imum yield of 3,800 pounds per acre when K concentration was 2.13 
percent, while analysis of variance indicated mean maximum yield of 
3,767 pounds per acre where K concentrations averaged 2.24 percent. 
Potassium concentration data indicated forage yields would not be limited 
where tissue concentrations of K were maintained in a range of 2.01 
percent to 2.24 percent. 
ORIS also diagnosed that either N, P, Ca, or Mg was the most likely 
limiting nutrient for production of the grass where K was not diagnosed 
as limiting. C.I. (P~.05) for concentrations of these nutrients diagnosed 
by ORIS to be most limiting were: 1) N - 1.76 ± .06 percent; 2) P -
.18 ± 0.01 percent; 3) Ca - .35 ± .01 percent; and 4) Mg - .12 ± 
.01 percent. Regression analysis predicted maximum yields occurred 
where concentrations of N, P, Ca, and Mg were 1.30, .12, .13, and .08 
percent respectively. 
Nutrient Uptake 
Uptake is a measure of the amount of plant nutrients removed from 
the soil by a harvested crop. Such information is needed for determining 
crop fertilizer requirements . Annual K fertilization affected uptake of K 
by Coastal bermudagrass harvested for hay (Table 12) . Mean K uptake 
by cutting, across years, increased significantly (P~.05) , for the most 
part, as annually applied K20 rates increased from 0 to 600 pounds per 
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Table 12.-Meon potassium (K) uptake for each cutting of Coastal bermudagrass 
as influenced by potassium rates and application frequencies, 1980-84 
Treatment 
K,O Appl. Cutting Mean 
rate freq. 2 3 4 K K,O 
lb/A 
---------------------- K, lb/ A ---------------------- -----------lb/ A-----------
0 0 23 28 14 13 19 23 
100 47 46 24 19 33 40 
200 70 67 34 30 49 59 
400 88 98 62 50 72 87 
600 92 107 73 68 82 99 
100 2 45 45 35 32 38 46 
200 2 63 55 47 43 50 60 
400 2 78 80 70 60 69 83 
600 2 93 98 80 71 82 99 
100 4 41 44 27 29 34 41 
200 4 58 60 39 39 47 57 
400 4 73 91 67 63 70 84 
600 4 84 104 73 71 79 95 
LSD (.05)* 14 10 6 8 7 8 
Among application frequencies over all rates 
1 74at 70b 48c 42b 59a 71a 
2 70b 75a 58a 51a 63a 76a 
4 63c 72b 52b 50a 59a 71a 
*Fisher's protected least significant difference at 5 percent level of probability. 
t Means having a letter in common within columns are not significantly different at 5 percent level of 
probability; mean separation by contrasting treatment means within the analysis of variance. 
acre at each application frequency . Over all cuttings , mean K uptake 
ranged from 19 pounds per acre at 0 pounds per acre of K20 to 82 pounds 
per acre at 600 pounds per acre applied annually in either one or two 
increments. This K uptake was equivalent to 23 and 99 pounds per acre 
of fertilizer K20 at 0 and 600 pounds per acre of annually applied K20. 
Potassium uptake among application frequencies was highest (P~ .05) 
on first cutting date and lowest (P~ .05) on remaining cutting dates where 
rates were applied in one increment. Where rates were applied in two 
increments, uptake of K was higher than K uptake for four increments 
except for the fourth cutting where K uptake was not different (P> .05). 
Over all cuttings and rates , application frequency minimally (P> .05) 
affected K uptake. 
Mean annual K uptake by the grass, across years , was higher (P~ . 05) 
as applied annual K20 rate was increased from 0 to 600 pounds per acre, 
irrespective of application frequency (Table 13). The K uptake ranged 
from 76 pounds per acre at 0 pounds per acre of K20 to 328 pounds per 
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acre at 600 pounds per acre of K20 applied in two increments. Over all 
rates, mean annual K uptake was highest (P~.05) where rates were 
applied in one increment and growth was restricted by drought after the 
initial year. When growth was not restricted by drought, annual K uptake 
from rates applied in either two or four increments was not different 
(P>. 05), but higher than for one increment. 
Table 13.----Mean annual potassium uptake by Coastal bermudagrass as influenced 
by potassium rates and application frequencies, 1980-84 
Treatment 
K,O Appl. Year 
rate freq . 1980 1981 1982 1983 1984 Mean 
lb/A --------------------- -- lb/ A---------------------------------------
0 0 141 106 54 39 43 76 
100 149 164 120 106 119 133 
200 187 229 190 161 210 195 
400 1 226 . 332 306 239 344 289 
600 1 234 384 356 263 397 327 
100 2 163 206 141 94 155 151 
200 2 178 252 203 138 230 200 
400 2 197 337 307 214 329 2n 
600 2 238 411 361 241 387 328 
100 4 156 178 122 84 138 135 
200 4 168 242 176 138 223 189 
400 4 198 354 306 212 334 281 
600 4 234 416 338 234 367 318 
LSD (.05)* 39 37 36 27 37 29 
Among application frequencies over all rates 
1 199at 277b 243a 193a 268a 239a 
2 194a 302a 253a 172b 275a 231a 
4 189a 297a 235a 167b 266a 235a 
*Fisher's protected least significant difference at 5 percent leYel of probability. 
t Meons having a letter in common within columns are not significantly different at 5 percent leYel of 
probability; mean separation by contrasting treatment means within the analysis of variance. 
Mean annual uptake of K by forage among K20 rates over all appli-
cation frequencies increased as applied K20 rate increased from 0 to 600 
pounds per acre (Table 14). 
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Table 14.-Mean annual potassium uptake by Coastal bermudagrass as influenced 
by potassium rates over all application frequencies, 1980-8.4 
Annual 
K20 
rote 1980 1981 1982 
Year 
1983 1984 Mean 
lb/ A ----------------------------------------------- lb/ A------------------------------------------------
0 141 106 54 39 43 76 
100 156 182 128 95 137 140 
200 178 241 189 145 221 195 
400 207 341 306 222 336 282 
600 235 404 351 246 384 318 
** ** ** ** ** 
**F value significant at 1 percent level of probability. 
Regression analysis, Appendix Table A-V, A, predicted K uptake 
across years decreased 10. 0 pounds per acre and 12 .4 pounds per acre 
annually at 0 pounds per acre and 100 pounds per acre of annually applied 
K20 . Where 200 pounds per acre of K20 was applied annually, K uptake 
remained unchanged, while at 400 and 600 pounds per acre of K20, 
uptake of K from each rate increased 14.0 pounds per acre annually. 
Regression lines are in Figure 12. 
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Figure 12.-EfTects of annual potassium fertilizer rates on potassium uptake by 
Coastal bermudagrass across years. 
Mean total uptake and removal of applied fertilizer K20 rates over all 
application frequencies for 5 years by Coastal bermudagrass are in Table 
15. Potassium uptake ranged from 383 pounds per acre at 0 pounds per 
acre of K20 to 1,590 pounds per acre at 3,000 pounds per acre. The 
amounts of K removed by the crop were equivalent to 461 and 1,915 
pounds per acre of K20, respectively, at 0 and 3,000 pounds per acre of 
applied K20. 
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Table 15.-Mean total uptake, soil removal, and utilization of potassium fertilizer 
rates over all application frequencies by Coastal bermudagrass, 1980-84 
5-yeor Uptake Soil Fertilizer 
K20 K20 K20 
rate K K,O status utilization 
lb/A 
------------ lb/ A---- - --- - --- lb/A % 
0 383 461 - 461 
500 700 843 - 343 100 
1000 975 1175 - 174 100 
2000 1410 1698 + 288 85 
3000 1590 1915 + 1085 64 
The grass removed 461 , 343 , and 174 pounds per acre of K20 from 
the soil across years where 0, 100, and 200 pounds per acre of K20 were 
applied annually. Total application of 2,000 and 3,000 pounds per acre 
of K20 from annual application of 400 and 600 pounds per acre returned 
to the soil 288 and 1,085 pounds per acre of K20, respectively . Thus , 
100 percent of the 100 and 200 pounds per acre annual K20 application 
rates was removed by the forage in contrast with 87 percent and 64 percent 
of the 400 and 600 pounds per acre rates. 
Uptake data indicated that annual application of 400 pounds per acre 
of K20, irrespective of application frequency , met removal requirements 
of the crop and maintained K fertility status of the soil when the grass 
was managed for four hay cuttings annually . 
Mean annual uptakes of N, P, Ca, and Mg by Coastal bermudagrass 
forage were affected by annual K20 treatments (Table 16). In absence 
of applied K20 , uptake of each nutrient was significantly lower (P~.05) 
than in the presence of applied K20. Mean uptakes of N and Ca maximized 
where 400 pounds per acre of K20 was applied annually, while mean 
uptakes of P and Mg maximized where 200 pounds per acre of K20 was 
applied annually. Mean uptakes for N, P, Ca, and Mg by forage were 
not different (P> .05) among application frequencies over all K20 rates . 
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Table 16.-Mean annual uptake of nitrogen (N), phosphorus (P), calcium (Ca), and 
magnesium (Mg) by Coastal bermudagrass as influenced by potassium rates and 
application frequencies, 1980-84 
Treatment 
K,O Appl. Nutrient 
rate freq . N p Ca Mg 
lb/A 
---• ------------------------------- lb/ A -----------------------------------
0 0 200 21 35 19 
100 261 27 44 25 
200 289 29 50 27 
400 310 31 54 26 
600 311 31 53 24 
100 2 265 27 45 25 
200 2 284 29 51 27 
400 2 303 30 51 25 
600 2 311 31 54 24 
100 4 270 28 46 27 
200 4 291 30 50 27 
400 4 308 30 52 25 
600 4 300 30 53 23 
LSD (.05)* 26 3 7 4 
Among application frequencies over all rates 
1 293at 29a 50a 26a 
2 291a 30a 50a 25a 
4 292a 30a 50a 26a 
*Fisher's protected least significant difference at 5 percent level of probability. 
tMeans having a letter in common within columns are not significantly different at 5 percent level of 
probability; mean separation by contrasting treatments within the analysis of variance. 
Mean uptake and removal of fertilizer N, P 20 5 and Ca among applied 
K20 rates over all application frequencies maximized where 400 pounds 
per acre of K20 was applied annually; whereas , uptake and removal of 
applied Mg optimized where 200 pounds per acre of K20 was applied 
annually (Table 17). 
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Table 17.-Mean uptake and utilization offertilizer nitrogen (N), phosphate (P20 5), 
calcium (Ca) and magnesium (Mg) by Coastal bermudagrass as influenced by potassium 
rates over all application frequencies, 1980-84 
Annual Fertilizer 
K,O Rate 
rate 
applied Uptake Utilization 
lb/A lb/A lb/A % 
N 
0 400 200 50.0 
100 400 265 66.2 
200 400 288 72.0 
400 400 307 76.7 
600 400 308 77.0 
** 
P,05 
0 150 49 30.6 
100 150 63 42.0 
200 150 68 45.3 
400 150 70 46.7 
600 150 71 47.3 
Ca' 
0 196 35 17.8 
100 196 45 22.9 
200 196 50 25.5 
400 196 52 26.5 
600 196 54 27.5 
** 
Mg' 
0 49 19 38.7 
100 49 26 53.1 
200 49 27 55.1 
400 49 25 51.0 
600 49 24 48.9 
** 
**F value significant at 1 percent leYel of probability. 
'Ca and Mg from agricultural limestone prorated ewer 5 years, plus Ca and Mg applied with phosphate 
fertilizer annually. 
Regression analysis , Appendix Table A-V, B, C, D, and E, showed 
that, across years, a highly significant relationship existed between K 
uptake and uptake of N, P, Ca, and Mg, respectively. Regression lines 
are in figures 13, 14, 15, and 16. 
Data indicated that K uptake per cutting increased 1.03 pounds per 
acre as N uptake increased 1. 0 pounds per acre and 8 .19 pounds per acre 
as P uptake increased 1.0 pounds per acre. N and P uptake level maxi-
mized at 131 and 14.4 pounds per acre, respectively. K uptake also 
increased as Ca and Mg uptake increased to 28 and 8 pounds per acre 
per cutting, respectively , but K uptake decreased when Ca and Mg uptake 
exceeded above levels. 
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Figure 13.-Relationship between potassium and nitrogen uptake by Coastal ber-
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Figure 14.-Relationship between potassium and phosphorus uptake by Coastal 
bermudagrass. 
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Figure 15.-Relationship between potassium and calcium uptake by Coastal ber-
mudagrass. 
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Figure 16.-Relationship between potassium and magnesium uptake by Coastal 
bermudagrass. 
Data revealed that the most efficient level of K uptake by the forage 
occurred in the presence of the following: 1) N:K ratio of 1:1; 2) P:K 
ratio of 1:8; 3) Ca:K ratio of 1:3.5; and 4) Mg:K ratio of 1:10. Application 
of a complete fertilizer having a ratio of either 1-.12-1-.28-.1 for N-P-
K-Ca-Mg or 1-.27-1.2-.28- .1 for N-P20 5-K20-Ca-Mg would meet the 
nutrient uptake requirements of the Coastal bermudagrass grown and 
harvested for hay. 
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Forage Yield and Nutrient Uptake 
Relationships between yield and nutrient uptakes are very important 
for evaluating fertilizer requirements of a crop at a given level of pro- · 
duction. Regression equations relating forage yield of Coastal bermu-
dagrass per cutting and uptake of K, N, P, Ca, and Mg are reported in 
Appendix Table A-VI, A, B, C, D, and E. 
Data revealed maximum forage yield per cutting removed: 1) 130 
pounds per acre of Kand N, respectively; 2) 14 pounds per acre of P; 
3) 25 pounds per acre of Ca; and 4) 14 pounds per acre of Mg. Maximum 
forage yield per cutting removed nutrients at a fertilizer equivalent rate 
of 130-32-156-24-14 pounds per acre for N-P20 5-K20-Ca-Mg. Regression 
lines are in figures 17, 18, 19, 20, and 21. 
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Figure 11.-Relationsbip between potassium uptake and forage yield of Coastal 
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Figure 18.-Relationsbip between nitrogen uptake and forage yield of Coastal ber-
mudagrass. 
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Figure 19.-Relationship between phosphorus uptake and forage yield of Coastal 
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Figure 20.-Relationship between calcium uptake and forage yield of Coastal ber-
mudagr~. 
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Figure 21.-Relationship between magnesium uptake and forage yield of Coastal 
bermudagras.s. 
Mean forage yield of 3, 717 pounds per acre per cutting was optimum 
among K20 rates where 400 pounds per acre of K20 was applied annually 
over all application frequencies (Table 18). Yield removed an average 
of 77, 8, 81 , 13 , and 6 pounds per acre of N, P, K, Ca, and Mg per 
cutting. At these nutrient uptakes , regression equations predicted an av-
erage yield of 3,702 pounds per acre across nutrient uptakes. Thus, at 
optimum forage yield, nutrients were removed at fertilizer equivalent rate 
of 77-18-85-13-6 pounds per acre of N-P20 5-K20-Ca-Mg per cutting. 
Table 1~.-Mean annual forage yield and nutrient uptake per cutting as influenced 
by potassium rates over all application frequencies, 1980-84 
Annual Uptake 
K20 Forage 
rate yield N p K Ca Ml;J 
lb/A lbs/A ------------------------------------lb/ A ------------------------------------
0 2324 50 5 19 9 5 
100 3167 66 7 35 11 6 
200 3499 72 7 49 13 7 
400 3717 n 8 71 13 6 
600 3767 n 8 81 13 6 
•• •• •• . . •• • • 
**F value significant at 1 percent level of probability. 
Provided the fertility status of the soil was high enough to maintain 
plant growth not removed by cutting and applied fertilizer was 100 percent 
utilized, fertilizer equivalent rates for optimum forage production based 
on nutrient uptake were adequate for sustained production of the grass 
on a per cutting basis. Assuming 125 percent of the nutrient uptake for 
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optimum forage production will meet the requirements for plant growth 
and maintenance of soil fertility status , optimum forage production re-
quired 96-22-106-16-8 pounds per acre of N-P20 5-K20-Ca-Mg per cut-
ting. 
Nutritive Value 
The plant nutrients P, K , Ca, and Mg are dietary minerals required by 
animals for growth and body maintenance. The dietary mineral require-
ments for most classes of beef cattle are satisfied by feeding a ration 
containing .22 percent, .80 percent, .22 percent, and .18 percent of P , 
K, Ca, and Mg, respectively (35, 37). In addition , a Ca:P ratio of 2:1 
in the ration was most beneficial for feeding beef cattle, even though 
cattle performed satisfactorily when the ratio was 7: 1. 
Mean P , K, Ca, and Mg concentrations in harvested Coastal bermu-
dagrass , over all cuttings and years , were ample to meet the ration re-
quirements of most classes of beef cattle , irrespective of annually applied 
K20 rate or application frequency (Table 19). Mean Ca:P ratio in har-
vested forage , ranging from 1.6:1 to 1.8:1 among K20 treatments , was 
more than ample for a ration fed to most classes of beef cattle. 
Table 19.-Meon percent phosphorus (P), potassium (K), calcium (Ca), magnesium 
(Mg), and Ca: P ratio of Coastal bermudagrass as influenced by potassium rates and 
application frequencies, 1980-84 
Treatment 
K,O Appl. 
rote freq . 
lb/A 
0 0 
100 
200 
400 
600 
100 2 
200 2 
400 2 
600 2 
100 4 
200 4 
400 4 
600 4 
LSD (.05)* 
1 
2 
4 
Mineral Ratio 
p K Co Mg Co: P 
------------------------- -- % ------ -- -------------- ------- -
.23 0.78 .38 .22 1.6:1 
.22 1. 12 .37 .21 1.8: 1 
.21 1.46 .36 .20 1.7:1 
.21 1.98 .36 .17 1.7:1 
.21 2.22 .36 .16 1.7:1 
.22 1.27 .37 .20 1.7:1 
.21 1.51 .37 .19 1.7:1 
.21 1.98 .36 .17 1.7:1 
.20 2.23 .36 .16 1.8:1 
.22 1.11 .36 .21 1.6:1 
.21 1.40 .36 .19 1.7:1 
.20 1.95 .36 .17 1.8:1 
.20 2.21 .36 .16 1.8:1 
.01 0. 16 ns .01 ns 
Among application frequencies <Net" all rotes 
.21ot 1.70ob .36o .18o 1.17:10 
.21o 1.75o .36o .18o 1.17: lo 
.21o 1.68b .36o .18o 1.17:10 
*Fisher's protected least significant difference at 5 percent level of probability. 
t Meons having o letter in common within columns ore not different at 5 percent level of probability; 
mean separation by contrasting treatments within the analysis of variance. 
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Protein is a nutrient required for animal growth and milk production. 
Daily crude protein (CP) dietary requirements for beef cattle are satisfied 
by feeding a ration ranging from 5. 9 percent CP for dry cows to 13. 9 
percent CP for finishing steers (35 ). Mean seasonal CP concentrations in 
harvested forage, over all years, as influenced by annual K20 fertilizer 
treatments are in Table 20. 
Table 20.-Mean percent crude protein in Coastal bermudagrass harvested from 
each cutting over all years as influenced by potassium rates and application frequencies, 
1980-84 
Treatment 
K20 Appl. 
Cutting 
rate freq . 2 3 4 Mean 
lb/A -------------------------------------% -------------------------------------
0 0 17.6 14.1 13.8 14.7 15.0 
100 16.4 13.8 13.1 14.5 14.4 
200 1 15.9 13.7 13.0 13.6 14.0 
400 1 15.6 13.2 12.8 14.1 13.9 
600 1 15.6 13.5 12.9 13.4 13.8 
100 2 15.7 13.6 13.3 13.8 14.1 
200 2 14.8 13.4 13.0 13.7 13.7 
400 2 15.2 13.6 13.2 13.9 14.0 
600 2 14.6 13.3 13.4 13.9 13.8 
100 4 15.6 13.6 13.5 13.7 14.1 
200 4 14.9 13.1 13.2 14.1 13.8 
400 4 15.0 13.6 12.9 13.7 13.8 
600 4 14.7 13.1 13.2 13.6 13.6 
LSD (.05)* 1.1 0.7 0.9 0.8 0.6 
Among application frequencies over all rates 
1 15.9at 13.6a 12.9a 13.9a 14. la 
2 15. lb 13.Sa 13.2a 13.Sa 13.9a 
4 15.lb 13.4a 13.2a 13.Sa 13.9a 
*Fisher's protected least significant difference at 5 percent level of probability. 
tMeans having a letter in common within columns are not significantly different at 5 percent level af 
probability; mean separation by contrasting treatments within the analysis of variance. 
Mean CP in forage harvested from each cutting tended to be highest 
at 0 pounds per acre of K20 . Among applied K20 rates that ranged from 
100 to 600 pounds per acre , CP concentrations in forage were not different 
(P> .05), irrespective of application frequency. Over all cuttings, CP in 
forage ranged from 15 percent at 0 pounds per acre of K20 to 13. 6 percent 
at 600 pounds per acre. 
Relationships between CP and K concentrations in forage, and between 
CP concentrations in forage and forage yields, were determined by regres-
sion analysis. Regression equations are in appendix Table A-VIl, A and 
B; regression lines are in figures 22 and 23. 
37 
~ 
d 
.033 
• • 023 
u 
z 
0 
u 
~.013L----1 
Cl) 
Cl) 
~ 
.ooJ-+-----..b-~s --..--.1---.-.1s---.:-2 --. ..--~25 -----i 
CRUDE PROTEIN CONC. (LB/LB) 
Figure 22.-Relationship between crude protein concentration and pot&Mium con-
centration in Coastal bermudagnw. 
6000 
<'sooo 
...... 
IXl 
d4-000 
0 ~ JIOO 
U.l 
0 2000 ~ 
~ 1000 
0 -+----..-----~--~---~------i 
• 8 .12 .16 .2 . • 
CRUDE PROTEIN CONC. (LB/LB) 
Figure 23.-Relationship between crude protein concentration and forage yield of 
Coastal bermudagrass. 
Data showed K concentrations in forage increased as CP concentrations 
increased, while forage yields decreased as CP concentrations increased. 
Crude protein is one of the most expensive ingredients in a feed ration. 
Mean annual crude protein yields (CPY) of Coastal bermudagrass as 
affected by annual K20 treatments are in Table 21. Mean annual CPY 
tended to increase as applied K20 rate increased from 0 to 600 pounds 
per acre of K20 at each application frequency , but differences were not 
significant among application frequencies. CPY ranged from 1,250 
pounds per acre at 0 pounds per acre to 1, 946 pounds per acre at 600 
pounds per acre of K20 applied in two increments. CPY was lowest 
(P~ .05) among treatments in absence of applied K20 . 
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Table 21.-Annual crude protein yields of Coastal bermudagrass as influenced by 
potassium rates and application frequencies, 1980-84 
Treatment 
K,0 Appl. Year 
rate freq. 1980 1981 1982 1983 1984 Mean 
lb/A ------------------------------"·-------- lb/ A-----------------------------------------
0 0 1493 1694 1297 826 939 1250 
100 1479 1981 1797 1174 1716 1629 
200 1 1551 2099 2041 1282 2068 1808 
400 1 1553 2255 2199 1325 2347 1936 
600 1 1465 2244 2239 1341 2426 1943 
100 2 1413 1992 1896 1096 1888 1657 
200 2 1410 2126 2004 1213 2134 1777 
400 2 1419 2265 2214 1322 2278 1899 
600 2 1596 2268 2267 1236 2362 1946 
100 4 1440 1978 1960 1149 1928 1691 
200 4 1452 2167 2023 1274 2169 1817 
400 4 1596 2236 2230 1267 2286 1922 
600 4 1551 2270 2140 1235 2242 1880 
LSD (.05)* ns 211 275 181 239 164 
Among application frequencies over all rates 
1 1512at 2145a 2069a 1280a 2139a 1829a 
2 1459a 2163a 2095a 1217a 2166a 1820a 
4 1510a 2163a 2079a 1231a 2156a 1838a 
*Fisher's protected least significant difference at 5 percent level of probability. 
tMeans haying a letter in common within columns are not significantly different at 5 percent level of 
probability; mean separation by contrasting treatments within the analysis of variance. 
Mean annual CPY response to applied K20 rates tended to increase as 
K20 rates increased from 100 to 600 pounds per acre over all application 
frequencies (Table 22). Optimum CPY response, 3,348 pounds per acre 
across years, occurred where 400 pounds per acre of K20 was applied 
annually. 
Table 22.-Annual crude protein yield response of Coastal bermudagrass to po-
tassium rates over all application frequencies, 1980-84 
Annual 
K20 
rate 1980 1981 1982 
Year 
1983 1984 Total 
lb/ A ---------------------------------------------- lb/ A----------------------------------------------
0 0 0 0 0 0 0 
100 - 49 290 587 314 905 2,047 
200 - 22 437 725 431 1,185 2,756 
400 30 558 917 478 1,365 3,348 
600 40 567 966 445 1,405 3,427 
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Relationships between CPY and K uptake and between CPY and forage 
yield were determined by regression analysis. Regression equations are 
in Appendix Table A-VII, C, and D, and regression lines are in figures 
24 and 25. Each 1.0 pounds per acre increases in CPY resulted in an 
increase of 0.16 pounds per acre uptake of K by forage. Forage yield 
increased 7.38 pounds per acre for each increase of 1.0 pounds per acre 
of CPY. 
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Figure 24.-Relationship between crude protein yield and potassium uptake by 
Coastal bermudagrass. 
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Figure 25.-Relationship between crude protein yields and forage yields of Coastal 
bermudagrass. 
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Digestible dry matter (DOM ) is the most important quality component 
of a forage. It is that portion of a forage that can be utilized by ruminant 
animals . A significant difference in digestibility of bermudagrass forage 
has been shown to affect daily gain of steers considerably in feeding trials 
(40). 
Mean seasonal in vitro dry matter digestibility (IVDDM) of harvested 
forage over all years among annually applied K20 rates are in Table 23. 
Where K20 was not applied, IVDDM was lowest (P~ .05) except for the 
first cutting where IVDDM was not different (P> .05). Among applied 
K20 rates from 100 to 600 pounds per acre, IVDDM of forage from first , 
second, and third cuttings was not different (P> .05) irrespective of ap-
plication frequency , but IVDDM of forage from the fourth cutting was 
highest (P~.05) where K20 rates were applied in four increments. 
Table 23.--Mean in vitro dry matter digestibility of Coastal bermudagrass harvested 
from each cutting over all years as influenced by potassium rates and application 
frequencies, 1980-84 
Treatment 
K,O Appl. Cut 
rate freq . 2 3 4 Mean 
lb/A ------------------------------------- % -------------------------------------
0 0 57.3 52.3 52.1 50.8 53.1 
100 58.0 54.2 52.7 51.6 54.1 
200 58.2 54.3 53.1 52.2 54.4 
400 57.7 54. l 52.2 53.1 54.3 
600 57.7 54.6 53.8 52.9 54.7 
100 2 57.9 54.5 53.4 52.3 54.5 
200 . 2 57.l 54.5 53.9 52.8 54.6 
400 2 57.8 54.9 53.3 53.2 54.8 
600 2 57.7 54.9 53.9 52.8 54.8 
100 4 56.9 54.1 53.5 53.2 54.4 
200 4 56.8 54.5 53.1 53.6 54.5 
400 4 57.6 54.6 53.1 53.3 54.6 
600 4 57.6 54.6 53.6 53.6 54.8 
LSD (.05)* ns 0.9 0.7 0.8 0.5 
Among application frequencies aver all rates 
1 57.9at 54.3a 53.2a 52.4c 54.4a 
2 57.7a 54.7a 53.6a 52.8b 54.7a 
4 57.2a 54.Sa 53.3a 53.4a 54.6a 
*Fisher's protected least significant difference at 5 percent level of probability. 
t Means having a letter in common within columns are not different at 5 percent level of probability; 
mean separation by contrasting treatments within the analysis of variance. 
Mean IVDDM of forage over all cuttings was lowest (P<.05) among 
K20 rates at 0 pounds per acre. Among K20 rates from 100 to 600 pounds 
per acre, IVDDM differences were , for the most part, not significant 
irrespective of application frequency . 
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Relationships between IVDDM and K concentrations in forage, and 
between IVDDM and forage yields , were determined by regression anal-
ysis . Regression equations are in Appendix Table A-VII, E and F; regres-
sion lines are in figures 26 and 27 . 
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Figure 26.-Relationship between in vitro dry matter digestibility and potassium 
concentration in Coastal bermudagrass. 
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Figure 27 .-Relationship between in vitro dry matter digestibility and forage yield 
of Coastal bermudagrass. 
Data revealed K concentrations in forage increased .084 percent as 
IVDDM increased 1 percent. When forage yields increased, IVDDM 
increased. 
Mean annual DDM yield (DDMY) of Coastal bermudagrass was af-
fected by K fertilization practices (Table 24). Even though DDMY among 
K20 treatments in 1980 were not different (P> .05) , DDMY tended to 
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Table 24.-Mean annual digestible dry matter yields of Coastal bermudagrass as 
influenced by potassium rates and application frequencies, 1980-84 
Treatment 
K,0 Appl. Year 
rate freq. 1980 1981 1982 1983 1984 Mean 
lb/A 
---------------------------------------- lb/ A-----------------------------------------
0 0 6519 6046 4395 3000 3486 4689 
100 6373 7392 6579 4948 6443 6347 
200 6875 8254 7487 5471 7899 7197 
400 6907 8923 8559 5831 8741 n92 
600 1 6601 9115 8607 6017 8960 7860 
100 2 6298 7847 6767 4712 7233 6571 
200 2 6409 8471 7635 5380 8297 7238 
400 2 6415 9010 83n 5682 8469 7591 
600 2 7146 9454 8664 5647 8694 7921 
100 4 6418 7995 6935 4821 7310 6696 
200 4 6734 8672 n47 5501 8196 7370 
400 4 6835 9215 8578 5731 8573 n86 
600 4 7090 9584 8257 5533 8333 n59 
LSD (.05)* ns 883 1020 814 940 689 
Among application frequencies over all rates 
1 6689at 8421b 7808a 5567a 80lla 7299a 
2 6567a 8696ab 7860a 5355a 8174a 7330a 
4 6769a 8866a 7870a 5397a 8104a 7403a 
*Fis'-'s protected least significant difference at 5 percent level af probability. 
tMeans having a letter in common within columns are not significantly different at 5 percent level of 
probability; mean separation by contrasting treatments within the analysis of variance. 
increase thereafter as annually applied K20 increased from 0 to 600 
pounds per acre with rates applied in one and two increments and from 
0 to 400 pounds per acre with rates applied in four increments. Among 
application frequencies over all rates, mean DDMY was generally not 
different (P~.05) across years. 
Mean DDMY responses to annually applied K20 rates over all appli-
cation frequencies are reported in Table 25. Each year, DDMY response 
to applied K20 tended to increase as K20 rates increased from 100 to 
600 pounds per acre. DDMY response across years ranged from 9,245 
Table 25.-Annual digestible dry matter yield response of Coastal bermudagrass to 
potassium fertilizer rates over all application frequencies, 1980-84 
Annual Year 
K20 
rate 1980 1981 1982 1983 1984 Total 
lb/ A ----------------------------------------------- I bl A------------------------------------------------
0 0 0 0 0 0 0 
100 -156 1699 2365 1827 3510 9,245 
200 154 2419 3228 2451 4645 12,897 
400 200 3003 4110 2748 5109 15,170 
600 427 3338 4114 2733 51n 15,829 
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pounds per acre at 100 pounds per acre to 15,829 pounds per acre at 600 
pounds per acre K20. Optimum yield response occurred where 400 pounds 
per acre K20 was applied annually . 
Relationships between DDMY and K uptake levels by forage and 
between DDMY and forage yields were determined by regression anal-
ysis. Regression equations are in Appendix Table A-VII, G and H; regres-
sion lines are in figures 28 and 29. Data showed K uptake increased . 04 
pounds per acre and forage yield increased 1.0 pounds per acre as DDMY 
increased 1 pound per acre. 
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Figure 28.-Relationsbip between digestible dry matter yield and potassium uptake 
by Coastal bermudagrass. 
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bermudagrass. 
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Forge Fiber Components and Cell Contents 
Neutral-detergent fiber (NDF), acid-detergent fiber (ADF), and acid-
insoluble lignin (AIL) are forage fiber components which influence the 
rate of intake and digestibility of forage fed to cattle. Cattle fed forage 
with highest concentrations of NDF, ADF, and AIL will have lowest 
rates of intake and lowest levels of digested forage. 
Cell content (CC) is the highly soluble carbohydrate portion of the 
plant. Cattle fed forage with highest CC will have the highest level of 
intake with highest level of digested forage . 
Mean concentrations of NDF and ADF in Coastal bermudagrass har-
vested for years 1982 to 1984 and mean AIL and CC concentrations for 
1984, as influenced by K fertilizer rates and application frequencies, are 
in Table 26. Concentrations of NDF, ADF, and CC in forage were not 
significantly different (P> .05) among annually applied K20 rates, irre-
spective of application frequency. Mean AIL in forage was highest 
(P~.05) where K20 was not applied. 
Table 26.-Mean percent neutral-detergent fiber (NDF), acid-detergent fiber (ADF), 
acid-insoluble lignin (AIL), and cell contents (CC) of Coastal bermudagrass as influenced 
by potassium rates and application frequencies 
Treatment Year 
K20 Appl. 
1982-84 1984 
rate freq. NOF AOF AIL cc 
lb/A ----------------------------------------- % ------------------------------------------
0 0 71.3 33.6 5.0 26.2 
100' 71.2 33.3 4.3 26.8 
200 71.1 33.4 4.1 27.6 
400 70.4 33.1 4.2 26.7 
600 1 70.4 33.1 4.2 26.7 
100 2 71.0 33.2 4.1 26.7 
200 2 71.0 33.4 4.1 26.7 
400 2 69.6 33.4 4.1 27.1 
600 2 70.4 33.4 4.2 26.8 
100 4 71.0 33.3 4.2 27.4 
200 4 70.8 33.0 4.1 27.2 
400 4 70.5 33.3 4.1 27.1 
600 4 70.1 33.2 4.1 26.7 
LSD (.05)* ns ns 0.5 ns 
Among application frequencies over all rates 
1 70.Sat 33.4a 4.2a 27. la 
2 70.5a 33.3a 4. la 27.0a 
4 70.6a 33.2a 4. la 27. la 
*Fisher's protected least significant difference at 5 percent level of probability. 
tMeans having a letter in common within columns are not significantly different at 5 percent level of 
probability; mean separation by contrasting treatments within the analysis of variance. 
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Mean concentrations of NDF and ADF in forage were not different 
(P> .05) among rates over all application frequencies, but mean AIL was 
highest (P<.05) at 0 pounds per acre of K20. CC was highest at the 200 
pounds per acre of K20 rate (Table 27) . 
Data indicated K fertilization practices affected forage quality . Highest 
concentration (P<.05) of AIL was in forage not fertilized with K20 . 
Neutral-detergent fiber and ADF concentrations, though not significantly 
different among applied K20 ,rates, were also at the highest concentrations 
in forage produced in absence of K20 . Moreover, CC concentration in 
forage was lowest where forage was not fertilized with K20 
Table 27.-Mean percent neutral-detergent fiber (NDF), acid-detergent fibe (ADF), 
acid-insoluble lignin (AIL), and cell contents (CC) in Coastal bermudagrass as influenced 
by potassium rates over all application frequencies. 
Annual 
K20 
rate 
1982-8.4 
NDF ADF 
1984 
AIL CC 
lb/A ----------------------------------- % ----------------------------------------
0 
100 
200 
400 
600 
71.3 
71.1 
71.0 
70.2 
70.3 
ns 
33.6 
33.3 
33 .3 
33.4 
33.2 
ns 
"'F value not significant at 5 percent leYel of probability. 
*F value significant at 5 percent leYel of probability. 
**F value significant at 1 percent leYel of probability. 
5.0 26.2 
4.2 27.0 
4.1 27.5 
4.1 27.1 
4.2 26.7 
•• 
Relationships between K and concentrations of NDF, ADF, and AIL 
in forage were determined by regression analysis . Regression equations 
are in Appendix Table A-Vill, A, B, and C; regression lines are in figures 
30, 31, and 32. Data showed a highly significant negative relationship 
between K concentrations and fiber concentrations in forage, i.e., as K 
concentrations decreased, NDF, ADF, and AIL levels in forage increased. 
The relationship between CC and K concentrations in forage was not 
significant (R2 = .01). 
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Figure 30.-Relationship between potassium and neutral-detergent fiber concentra-
tions in Coastal bermudagrass . 
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Figure 31.-Relationship between potassium and acid-detergent fiber concentrations 
in Coostal bermudagrass. 
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Figure 32.-Relationship between potassium and acid-insoluble lignin concentrations 
in Coastal bermudagrass. 
Information on the effects of fiber component and CC concentrations 
on forage yields of Coastal bermudagrass is scarce because procedures 
for rapid determination of these parameters were developed only recently 
(38). Regression equations for forage yields of Coastal bermudagrass as 
influenced by concentrations of NDF, ADF, AIL, and CC in forage are 
in Appendix Table A-Vill , D, E, F, and G; regression lines are in figures 
33, 34, 35, and 36. 
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Figure 33.-Relationship between neutral-detergent fiber concentration and forage 
yield of Coastal bermudagrass. 
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Figure 34.-Relationship between acid-detergent fiber concentration and forage yield 
of Coastal bermudagrass. 
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Figure 35.-Relationship between acid-insoluble lignin concentration and forage 
yield of Coastal bermudagrass. 
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Figure 36.-Relationsbip between cell conte.nt concentration and forage yield of 
Coastal bermudagrass. 
Data revealed forage yields increased as NDF and ADF in forage 
increased. Forage yield also increased as AIL increased from 2. 7 percent 
to 4.5 percent and CC increased from 22.5 percent to 29.0 percent, but 
yield decreased when AIL and CC in forage exceeded 4.5 percent and 
29.0 percent respectively. 
Soil Potassium and Fertility Status 
The exchangeable level of soil K at 0- to 6-inch and 6- to 12-inch 
depth was affected by annual Coastal bermudagrass cropping in the pres-
ence of annually applied K 20 rates ranging from 0 to 600 pounds per 
acre and with fertilizer N-P20 5-S-B applied at 400-150-90-2 pounds per 
acre (Table 28). At 0- to 6-inch depth , K 20 rates of 0, 100 to 400 pounds 
per acre applied in one increment , and 100 pounds per acre applied in 
either two or four increments, did not maintain soil K at levels present 
prior to initiation of the study. At 6- to 12-inch depth, K 20 rates of 0, 
100, and 200 pounds per acre, irrespective of application frequency, also 
failed to maintain soil K. Across both sampled depths , soil K following 
cropping was increased where 600 pounds per acre of K20 was applied 
annually in either two or four increments. 
Soil K levels in 0- to 6-inch depth were maintained at highest (P~.05) 
levels among application frequencies where rates were applied in four 
increments . Application frequency had no affect (P> .05) on soil K levels 
at 6~ to 12-inch depth . 
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Table 28.-Effects of annual potassium fertilization practices and Coastal bermu-
dagrass cropping on mean exchangeable potassium levels of Shubuta fine sandy 
loam soil, 1979-84 
Treatment 0 to 6-inch depth 6 to 12-inch depth 
K,O Appl. Initial Mean Initial Mean 
rote freq . 1979 1980-84 Diff. 1979 1980-84 Diff. 
lb/A --------------------------------------ppm-------------------------------------
0 0 47 15 -32 30 15 -15 
100 31 17 -14 29 14 -15 
200 1 37 20 - 17 30 26 - 4 
400 1 41 29 -12 33 35 + 1 
600 1 30 43 +13 25 75 +50 
100 2 40 22 -18 32 22 -10 
200 2 31 31 0 35 25 -10 
400 2 38 53 +15 42 45 + 2 
600 2 37 69 +32 - 26 63 +36 
100 4 28 25 - 3 29 22 - 7 
200 4 33 33 0 30 20 -10 
400 4 32 64 +32 26 40 +14 
600 4 38 87 +49 28 65 +37 
LSD (.05)* ns 7 ns 20 
Among application frequencies over all rotes 
1 35ot 27c - 8 290 370 + 8 
2 36o 44b + 8 34o 390 + 5 
4 330 520 +19 28o 370 + 9 
1N-P20,-S-B applied annually at 400-150-90-2 pounds per acre. 
*Fisher's protected least significant difference at 5 percent level of probability. 
t Means having a letter in common within columns are not significantly different at 5 percent level of 
probability; mean separation by contrasting treatments within the analysis of variance. 
Coastal Plain soil in Louisiana with soil exchangeable K levels (ppm) 
of 0 to 40; 41 to 60, 61 to 100, and 101 to 120 have been reported to 
be very low, low, medium, and high in exchangeable K, respectively 
(36). As shown in Table 29, soil K fertility level after 5 years' cropping 
with Coastal bermudagrass was not improved by any annually applied 
K20 rate or application frequency, except where 400 pounds per acre 
K20 was applied in four increments and where 600 pounds per acre of 
K20 was applied in one, two, or four increments. 
Data indicated Coastal bermudagrass grown for hay on Shubuta soil 
lowered soil K fertility status at 0- to 6-inch depth to a very low level 
where K20 fertilizer was not applied in sufficient quantities to meet 
production requirements. Where optimum forage yield was produced in 
the presence of 400 pounds per acre of annually applied K20, soil K 
level was maintained, but fertility status was not improved. Annual ap-
plication of 600 pounds per acre of K20 was required to improve soil K 
fertility status. 
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Table 29.-Effects of annual potassium fertilization practices and Coastal bermu-
dagrass cropping on the soil K fertility status of Shubuta fine sandy loam soil, 0- to 
6-inch depth 
Annual Initial Final 
Treatment 1979 1984 
K,O Appl. 
rate freq. Sail K Level* Sail K Level 
lb/A ppm ppm 
0 0 47 11 Vl 
100 31 VL 12 VL 
200 37 VL 16 VL 
400 41 L 22 VL 
600 1 30 VL 42 L 
100 2 40 VL 13 VL 
200 2 31 Vl 19 VL 
400 2 38 Vl 31 VL 
600 2 37 VL 47 L 
100 4 28 Vl 16 VL 
200 4 33 Vl 18 VL 
400 4 32 Vl 42 L 
600 4 38 VL 63 M 
*VL = very law; L = law; M = medium; H = high. 
Soil pH, extractable P, and exchangeable Ca and Mg levels at 0- to 
6-inch and 6- to 12-inch depths were not affected by application frequency 
over all annually applied K 20 rates . 
Mean soil pH at 0- to 6-inch depth tended to increase as applied K 20 
increased from 0 to 600 pounds per acre, while at 6- to 12-inch depth, 
pH was not different (P> .05) among K20 rates. At both sampled depths, 
extractable P was highest in absence of applied K20, but not different 
among remaining treatments. Mean exchangeable Ca and Mg levels of 
both depths were not different among treatments at either depth (Table 
30) . 
Irrespective of applied K 20 rates, data revealed the following: 1) a 3 
tons per acre application of dolomitic agricultural limestone-2 tons per 
acre applied in 1977 and 1 ton per acre applied in 1982-did not change 
the pH at both sampled depths (acidity from 400 pounds per acre of 
annually applied N as ammonium nitrate and root respiration of the grass 
apparently prevented the soil reaction from being above initial level); 2) 
extractable P levels at both sampled depths were at higher levels than 
initial levels where 150 pounds per acre of P20 5 was applied annually; 
3) exchangeable Ca level was increased and maintained above initial level 
at 0- to 6-inch depth , but at 6- to 12-inch depth, calcium level was lowered; 
and 4) exchangeable Mg level was increased and maintained at both 
sampled depths above that of the initial level. 
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Table 30.-Mean effects of 5 years' annual potassium fertilization and Coastal 
bermudagrass cropping on soil reaction, pH, extractable phosphorus (P), and ex-
changeable calcium (Ca) and magnesium (Mg), 1979-84 
Annual 
K20 
Treatment' 
Initial 
1979 
0- to 6-inch depth 
Final Mean 
1934 1980-84 
Initial 
1979 
6- to 12-inch depth 
Final Mean 
1984 1980-84 
lb/ A ------------------------------------------------ pH ------------------------------------------------
0 4.9 4.6 4.8 5.4 4.5 4.9 
100 4.8 4.6 4.9 5.4 4.8 5.0 
200 4.8 4.6 5.0 5.5 4.8 5.0 
400 4.8 4.7 5.0 5.4 4.7 5.0 
600 4.9 4.9 5.1 5.6 4.8 5.0 
ns .. ns ns 
---------------------------------------Extractable P, ppm---------------------------------------
0 66 137 130 27 38 45 
100 42 83 76 12 20 20 
200 44 78 71 15 19 19 
400 39 83 72 10 23 19 
600 49 96 78 16 28 24 
ns •• •• ns ns • 
------------------------------------ Exchangeable Co, ppm ------------------------------------
0 132 197 190 194 176 226 
100 91 194 183 343 289 264 
200 87 194 185 325 339 282 
400 90 197 185 323 342 244 
600 98 204 184 298 239 237 
ns ns ns ns ns ns 
------------------------------------ Exchangeable ~. ppm ------------------------------------
0 16 33 24 22 25 24 
100 10 32 24 30 45 34 
200 9 32 24 34 52 37 
400 ' 10 33 23 28 41 33 
600 9 37 24 30 40 31 
ns ns ns 
' N-P20 5-S-B applied annually at 400-150-90-2 pounds per acre. 
MF value not significant at 5 percent level of probability. 
*F value significant at 5 percent level of probability. 
**F value significant at 1 percent level of probability. 
Economics 
ns ns ns 
Data collected across years were subjected to economic analyses to 
determine the most cost-effective rate of fertilizer K20 application for 
the production of Coastal bermudagrass hay on fields showing stand loss 
and producing lowered hay fields. 
Projected variable and fixed costs for equipment required for harvesting 
hay in round bales were obtained from the Department of Agricultural 
Economics , LSU Agricultural Center, Baton Rouge, La. (D. C. Huffman, 
personal communication). Projected variable fertilizer , lime, and herbi-
cide costs were custom-applied at local dealer cost in 1985. 
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Previous data showed that over all years and cuttings, forage yields 
were not different (P> .05) among application frequencies over all K20 
rates. Projected costs and returns per acre per cutting of Coastal ber-
mudagrass hay as influenced by rates of K20 varying from 0 to 150 
pounds per acre per cutting are in Table 31 . 
Table 31.-Projected cost and net return per acre of harvested Coastal bermudagrass 
hay as influenced by potassium fertilizer rates over all application frequencies, 1980-
84 l 
K20 M.or1 
treatment hay Costs/ton Net returns/ A cut 
Rate/ Annual yield/ Fertilizer 
cut total cut Harvest' lime, etc.3 Total @ $60/ton @ $90/ton 
---------- lb/ A--------- -- ton/A -------------$ ------------------- ---- -------
0 0 1.32 
25 100 1.79 
50 200 1.98 
100 400 2. 11 
150 600 2.13 
'Baler producing 1000-pound round bales. 
2f ixed and variable. 
26.03 
23.99 
23.« 
23.12 
23.03 
36.99 63.02 (3.99) 35.61 
29.22 53.21 12. 11 65.81 
28.16 51.60 16.64 76.04 
29.77 52.89 15.01 78.31 
32.68 55.71 9 .14 73.04 "' 
3fertilizer annual rate of 400-150-0 to 600-90-2 pounds per acre of N-P,O, -K,0-5-8. lime--3 tons 
per acre prorated over 5 years. Herbicide-simazine applied annually at 1.25 pounds per acre (fixed and 
variable cost included). 
As an average of years , net return per acre per cutting maximized 
where 50 pounds per acre per cutting of K20 was applied and hay was 
valued at $60 per ton . When hay was valued at $90 per ton, net return 
per acre per cutting maximized where 100 pounds per acre per cutting 
of K20 was applied. 
Economists also consider the soil as a bank from which valuable plant 
nutrients can be withdrawn or deposited. The procedure , commonly 
known as the " Purdue Method," is used widely in the fertilizer industry 
for determining fertilizer costs and returns (W. R. Thompson, Jr. , per-
sonal communication) . Results are in Table 32. 
Data indicated the most cost-effective total rate of K20 fertilization for 
the 5 years was 3,000 pounds per acre K20 (600 pounds per acre of K20 
applied annually) . This rate of fertilizer deposited $138.34 worth of K20 
in the soil bank which lowered production cost by a similar amount. 
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Table 32.-Projected cost and returns per acre of Coastal bermudagrass hay from 
5 years' application of potassium rates over all application frequencies, Purdue 
Method, 1980-84 
K20' Hay @ $90/ton 
5-year Soil bank 
5-year 
K,O Totol K,0 
rate yield Uptake Change Account2 Cost3 Value Returns 
lb/A ton/A lb/A lb/A $/A $/A -------------$/A -------------
0 24.9 458 - 458 - 60.46 60.46 2241 
500 34.0 843 - 343 - 45.28 111.28 3060 
1000 37.7 1175 - 175 - 23.10 155.10 3393 
2000 40.0 1699 + 301 + 37.73 226.37 3600 
3000 40.4 1952 + 1048 + 138.34 257.66 . 3636 
'K20 @ 13.2 cents per pound. 
2Account is debited when value is negative ( - ), credited when positive ( + ). 
3K20 @ 13.2 cents per pound for 5-year treatment rates ± soil bank charge. 
Crop Responses to Soil Kand Residual Fertilizer Potassium 
2180.54 
2948.72 
3237.90 
3373.63 
3378.34 
Soil K and residual fertilizer K20 following 5 years ' annual K fertil-
ization and hay cropping affected Coastal bennudagrass performance 
(Table 33). 
Table 33.-Mean seasonal forage yields and potassium responses of Coastal ber-
mudagrass to exchangeable soil potassium and residual fertil izer potassium levels, 
1985 
Annual Soil K 1984 
1980-1984 depth, in. residual 
1985 
K20 dual forage K K K,O residual 
rate 0-6 6-12 K,O yield cone. uptake removal K,O 
. lb/A --------ppm -------- lb/A lb/A % lb/A lb/A lb/A 
0 11 10 0 6,228 0.61 39 46 0 
100 + 12 10 0 7,664 0.72 56 67 0 
200 + 16 23 0 9,367 0.81 78 94 0 
400 + 22 29 259 12,9n 1.24 163 196 63 
600 + 42 96 1031 13,879 1.83 252 303 727 
100 + + 13 19 0 9,590 0 .71 70 84 0 
200 ++ 19 21 0 11 , 174 0.82 95 114 0 
400 + + 31 42 332 13,174 1.39 184 222 110 
600 + + 47 76 1025 14,251 1.90 264 324 701 
100 + + + 16 19 0 9,602 0.70 64 n 0 
200 + + + 18 17 0 10,715 0.82 91 109 0 
400 + + + 42 36 308 13,313 1.46 193 232 76 
600 + + + 63 72 1083 13,660 1.91 260 313 n2 
LSD (.05)* 10 41 768 0 .41 16 19 
*Fisher's protected least significant difference at 5 percent level of probability. 
+ Rates applied in one increment. 
+ + Rates applied in two increments. 
+ + + Rates applied in four increments. 
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Mean forage yield, K concentration in forage , and K uptake by forage 
increased significantly (P:s;: .05) , for the most part, as soil exchangeable 
K levels increased at both sampled depths. Crop responses to residual 
K20 from 5 years' application of 600 pounds per acre of K20 annually 
for 5 years were higher (P:s;: .05) than responses obtained from application 
of 400 pounds per acre of K20 annually for 5 years . 
Relationships between soil K level at sampled depth and seasonal forage 
yield per cutting, soil K level at sampled depth and K concentration in 
forage, and soil K level· at sampled depth and K uptake per cutting by 
forage were determined by regression analysis . Regression equations are 
in Appendix Table A-IX, A through I. Strongest relationships occurred 
between soil K levels at 0- to 6-inch depth and forage yield, K concen-
tration in forage , and K uptake by forage (R2 = .57, .68 , and .73, 
respectively). Regression lines are in figures 37, 38 , and 39. 
Data showed that maximum forage yield per cutting occurred at soil 
exchangeable K level of 50 ppm. Maximum K concentration in forage 
and K uptake by forage per cutting occurred at a soil K level of 60 ppm. 
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Figure 38.-Relationship between exchangeable soil potassium level and potassium 
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Figure 39.-Relationship between exchangeable soil potassium level and potassium 
uptake by Coastal bermudagrass, 1985. 
Relationships between forage yields and K concentrations in forage 
and between forage yields and K uptake levels were also determined with 
1985 data. Regression equations are in Appendix Table A-IX, J, and K, 
and regression lines are in figures 40 and 41. 
Data revealed forage yield increased to a maximum level as K con-
centrations and K uptakes increased to 1. 90 percent (Figure 41) and 80 
pounds per acre (Figure 42) , respectively. These results were generally 
in agreement with those obtained during the previous 5 years where forage 
was produced with 400 pounds per acre of annually applied K20 . 
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Figure 40.-Relationship between forage yield of Coastal bermudagrass and potas-
sium concentration in forage, 1985. 
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Figure 41.-Relationship between forage yield of Coastal bermudagrass and potas-
sium uptake, 1985. 
During years 1980-84, maximum forage yield of 4,750 pounds per 
acre per cutting removed 150 pounds per acre of K (Appendix Table A-
VI, A). Mean residual K20 remaining after cropping in 1985 was high 
enough to produce maximum forage production for four cuttings in an 
additional year only where application of 600 pounds per acre of K20 
was made previously. 
Mean exchangeable soil K levels and residual K20 fertilizer as affected 
by previously applied K20 rates for 5 years and their effects on 1) forage 
yields, nutrient concentrations, and nutrient uptakes; and 2) nutritive 
values and fiber components in forage are reported in tables 34 and 35, 
respectively. 
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Levels of soil exchangeable K increased at both sampled depths as 
previously applied K20 rates for 5 years increased from 0 to 600 pounds 
per acre . As soil exchangeable K levels at both sampled depths increased: 
1) forage yields , K concentrations in forage, and uptakes of N, K, P, · 
and Ca by forage tended to increase; 2) concentrations of N and Mg in 
forage decreased; 3) CP in forage decreased, while CPY increased; 4) 
IVDDM in forage and DDMY increased; and 5) NDF and ADF in forage 
were not affected, but CC levels tended to increase and AIL decreased. 
Residual K20 fertilizer remained where 400 and 600 pounds per acre 
of K20 was applied previously. Residual K20 from application of 600 
pounds per acre of K20 was 7 4 7 pounds per acre higher than that from 
400 pounds per acre of K20. Coastal bermudagrass produced highest 
yields with highest nutritive feed value where highest levels of residual 
K20 fertilizer were present. 
Table 34.-Effects of mean exchangeable soil potassium and residual fertilizer po-
tassium levels on mean forage yields, nutrient concentrations in forage, and nutrient 
uptake levels by Coastal bermudagrass, 1985 
198-4 1985 
1980-
1984 Soil K depth Residual Nutrient Concentration 
K,O 0 to 6 to K,O Forage 
rate 6-in 12-in fert. yield N p K Ca Mg 
lb/A --------ppm -------- lb/A lb.IA -------------------------- % --------------------------
0 11 10 0 1557 2.53 0.29 0 .61 0.37 0.29 
100 13 16 0 2191 2.43 0.27 0.71 0.37 0 .29 
200 18 21 0 2605 2.38 0.27 0.81 0.37 0 .28 
400 32 36 300 3289 2.32 0.28 1.37 0.38 0 .25 
600 51 81 1047 3482 2.29 0.28 1.88 0.39 0.21 
•• •• •• 
.. •• •• • • 
Nutrient uptake 
N p K Ca Mg 
---------------------- -- lb/ A -------------------------
0 11 10 0 39 5 10 6 4 
100 13 16 0 53 6 16 8 6 
200 18 21 0 61 7 22 10 7 
400 32 36 300 76 9 45 12 8 
600 51 31 1047 79 10 65 14 7 
•• 
.. •• • • •• 
**f value significant at 1 percent leYel of probability. 
59 
Table 35.-Effects of mean exchangeable soil potassium and residual fertilizer po-
tassium level on mean crude protein (CP) content and yield, in vitro digestible dry 
matter (IVDDM) and digestible dry matter yield (DDMY), and fiber components and 
cell content (CC) composition of Coastal bermudagrass, 1985 
1980- 1984 
1984 Soil K depth Residual 1985 
K20 0 to 6 to K20 CP CP IVDDM 
rate 6-in 12-in fertilizer cone. yield cone. DDMY 
lblA ---------ppm------- lblA % lblA % lblA 
0 11 10 0 15.8 2"3 53.6 833 
100 13 16 0 15.2 330 54.0 1185 
200 18 21 0 14.9 381 54.0 1.408 
400 32 36 300 14.5 473 55.1 1809 
600 51 81 1047 14.3 496 55.5 1931 
** ** ** ** ** 
Fiber component 
NDF ADF AIL cc 
cone. cone. cone. cone. 
------------------%-----------------------------
0 11 10 0 69.4 32.3 4.66 26.1 
100 13 16 0 70. 1 32.6 4.51 26.6 
200 18 21 0 70.0 32.5 4.38 26.8 
400 32 36 300 70.1 32.7 4.05 27.6 
600 51 81 1047 69.9 32.7 4.01 27.7 
** ** ns ns ** ** 
"'f value not significant ot 5 percent level of probability. 
**F value significant ot 1 percent level of probability. 
Levels of soil K at both sampled depths diminished from 1984 levels 
by hay cropping in 1985 in absence of applied K fertilizer (Table 36). 
Soil K decreased at greatest levels where 400 and 600 pounds per acre 
of K 20 were previously applied for 5 years, 1980-84. 
Regression analysis of yield on soil K levels indicated a level of 50 
and 130 ppm at 0- to 6-inch and 6- to 12-inch depths, respectively , was 
required for maximum annual production of Coastal bermudagrass. Mean 
soil K level at the end of the 1985 growing season, irrespective of depth 
sampled and previously applied K 20 treatments , was lower than that 
required for maximum seasonal production. Thus, following 1 year re-
sidual cropping of applied K 20 , soil K data indicated a need for K 20 
fertilization to meet future forage production requirements, irrespective 
of previously applied K20 rates. 
60 
Table 36.-Mean soil exchangeable K levels after 5 years' application of potassium 
fertilizer treatments and Coastal bermudagrass cropping for hay (1984) compared 
with 1-year cropping for hay in absence of potassium fertilizer (1985) 
1980-1984 
Treatment Soil depth, inches 
K20 Appl. 
0 to 6 Year 6 to 12 Year 
rate freq. 1984 1985 diff. 1984 1985 diff. 
lb/A ······················· ······ ···········ppm-····································· ··· 
0 0 11 9 - 2 10 10 0 
100 12 9 - 3 10 10 0 
200 16 10 - 6 23 16 - 5 
400 22 15 - 7 29 21 - 8 
600 42 22 - 20 96 34 - 62 
100 2 13 10 - 3 19 15 - 4 
200 2 19 12 - 7 21 14 - 7 
400 2 31 18 - 13 42 25 - 17 
600 2 47 27 - 20 76 31 -45 
100 4 16 10 - 6 19 19 0 
200 4 18 12 - 6 17 17 0 
400 4 42 17 - 25 36 21 - 15 
600 4 63 20 - 43 72 39 - 33 
LSD (.05)* 10 5 41 15 
*Fisher's protected least significant difference at 5 percent leYel of probability. 
Stand densities among experimental plots were observed in the spring 
of 1986. Cropping the soil with Coastal bermudagrass for hay in absence 
of applied K fertilizer for 1 year resulted in substantially diminished stands 
across previous K20 treatments (Table 37). Stand loss was especially 
high where previous annual rates of 100 to 400 pounds per acre of K20 
were applied irrespective of application frequency. 
Because temperature during the winter of 1985-86 was above normal, 
cold was not the cause for stands to diminish over the winter. These data 
indicated that annual application of K20 fertilizer up to 600 pounds per 
acre was required to maintain recovered stands of Coastal bermudagrass 
on Coastal Plain soil. 
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Table 37.-Mean percent spring stand density of Coastal bermuagrass following 5 
years' annual application of potassium fertilization treatments and hay cropping, 
1985, compared with 1-year cropping for hay in absence of potassium fertilization, 
1986 
1980-1984 
treatment 1985 Stand density, April 20 
K'O Appl. K'O Appl. 
rate freq . rate freq . 1985 1986 Diff. 
lb/A lb/A ------------------ % ------------------
0 0 0 0 29 14 - 15 
100 0 0 66 17 - 49 
200 0 0 84 23 -61 
400 0 0 93 45 - 48 
600 1 0 0 94 72 -22 
100 2 0 0 86 13 - 73 
200 2 0 0 90 39 - 51 
400 2 0 0 90 71 - 19 
600 2 0 0 91 85 - 6 
100 4 0 0 84 15 - 69 
200 4 0 0 88 18 - 70 
400 4 0 0 87 68 - 19 
600 4 0 0 90 85 - 5 
LSD (.05)* 14 22 
*Fisher's protected least significant difference at 5 percent level of probability. 
Over all years 1981 to 1986, mean spring stand density of Coastal 
bermudagrass was positively related to mean K concentration in forage 
harvested at the final cutting of the preceding year. The regression equa-
tion is in Appendix Table A-IX, M and the regression line is in Figure 
42. Maximum spring stand density occurred when K concentration in 
harvested forage from the final cutting of the previous season reached 
2.10 percent. Interestingly, forage yield per cutting maximized when K 
concentration in forage reached 2.13 percent, requiring, on the average, 
an annual K20 application of 600 pounds per acre. 
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Figure 42.-Relationship between potassium concentration in forage obtained from 
the final cutting of the season and stand density of Coastal bermudagrass the fol-
lowing spring. 
Summary and Conclusions 
A study was conducted for 6 years at the Hill Farm Research Station, 
Homer, La. , to determine effects of potassium fertilization on stand re-
covery and persistency, yield, nutrient concentration, nutrient uptake, 
and nutritive value of Coastal bermudagrass grown on upland sandy 
Coastal Plain soil. The experimental site exhibited severe stand-loss prob-
lems and exchangeable soil K was at a very low level prior to initiation 
of the study. 
The surviving Coastal bermudagrass stand was managed annually to 
simulate hay production and was fertilized each year with 400-150-90-2 
pounds per acre of N (100 pounds per acre per cut}-P20 5-S-B. Fertilizer 
K was applied annually for 5 years, 1980-1984, at 0, 100, 200, 400, and 
600 pounds per acre of K20 with rates 100 to 600 pounds per acre applied 
in one, two and four increments. Forage was produced for hay in absence 
of applied K20 the sixth year, 1985. 
Plant parameters determined during this study were: 1) spring stand 
density; 2) yield of forage, crude protein (CP), and digestible dry matter 
(DDM); 3) concentrations of plant nutrients nitrogen (N), phosphorus 
(P), potassium (K), calcium (Ca), magnesium (Mg) in forage; 4) uptakes 
of plant nutrients N, P, K, Ca, and Mg by forage; 5) nutritive concen-
trations of crude protein (CP) and DDM (IVDDM) in forage; 6) concen-
trations of fiber components neutral-detergent fiber (NDF) , acid-detergent 
fiber (ADF) , and acid-insoluble lignin (AIL) in forage; and 7) concen-
trations of cell contents (CC) in forage. 
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Soil parameters determined were: 1) soil exchangeable K, Ca, and Mg; 
2) extractable P; and 3) soil reaction, (pH). 
Potassium fertilization played a vital role in the production of Coastal 
bermudagrass on this experimental site. Where K was not applied, stands 
declined 6.4 percent annually below the 57 percent level observed when 
the study was initiated, and forage yields declined 1, 715 pounds per acre 
annually while removing soil K at an average yearly rate of 76 pounds 
per acre. Economic returns per acre were negative. Where K fertilizer 
was applied annually, stands improved and required 3 years' fertilization 
to achieve maximum stand recovery. Forage yields were maintained at 
productive levels while soil K was being conserved. Economic returns 
per acre were positive. 
Application frequency of annually applied K fertilizer rates had a non-
significant effect on Coastal bermudagrass yield parameters. Among K 
fertilizer rates ranging from 100 to 600 pounds per acre of K20, annual 
application of 400 pounds per acre produced optimum forage, CP, and 
DDM yields, while maintaining stands near maximum level. Nutritive 
value of forage was at optimum level while concentrations of CP and P, 
K, Ca, and Mg in forage met the daily feed ration requirements of most 
classes of beef cattle. Moreover, soil K fertility status remained un-
changed-application of lower annual rates of K20 resulted in soil K 
depletion. 
Regression analyses showed: 1) yields of forage were highly (P<.01) 
related to the tissue concentrations of plant nutrients, nutritive values, 
and fiber components in forage , CP and DDM yields, and uptake levels 
of N, P, K, Ca, and Mg; 2) K concentrations in harvested forage were 
highly (P~.01) related to the concentrations of each plant parameter 
determined in forage except for CC-the relationship was not significant; 
and 3) K uptake levels by forage were highly (P~.01) related to yields 
and plant nutrient uptake levels. 
Plant nutrient tissue data strongly indicated that when tissue concen-
trations of Kin harvested forage were: 1) less than 1.10 percent, K was 
deficient; 2) 1.11 percent to 2.00 percent, K was critical; 3) 2.01 percent 
to 2.24 percent, K was adequate; and 4) above 2.24 percent, K was high. 
Maximum forage, CP, and DDM production occurred when K concen-
tration level in forage was adequate. 
Plant nutritive tissue data showed that harvested forage containing an 
adequate K concentration was higher in nutritive value than harvested 
forage containing a deficient concentration of K. Forage with adequate 
K concentration level was highest in digestibility and lowest in fiber 
components. 
Plant nutrient uptake data revealed that optimum production of 2 tons 
per acre cutting of Coastal bermudagrass hay required application of 96-
22-106-16-8 pounds per acre of N-P20 5-K20-Ca-Mg. Under highly fa-
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vorable environmental conditions, maximum hay production of 2.7 tons 
per acre per cutting required application of 162-40-195-30-18 pounds per 
acre of N-P20 5-K20-Ca-Mg. 
Application of 550 pounds per acre of 18-4-20-3-2 fertilizer N-P20 5-
K20-Ca-Mg would meet optimum hay production requirements per cut-
ting; 900 pounds per acre of this fertilizer would meet maximum hay 
production requirements per cutting. In addition to meeting the production 
requirements of the crop, application of either fertilizer rate would impede 
depletion of each of the minerals from the soil. 
During 1985, when K fertilizer was not applied, plant responses of 
Coastal bermudagrass to exchangeable and residual soil K levels were 
determined. Yields of forage, CP, and DDM, nutrient uptakes by forage, 
and nutritive values of forage tended to increase as exchangeable soil K 
levels increased at 0- to 6-inch and 6- to 12-inch depths. Plant responses 
to residual K20 were highest (P~ .05) where previous annual applications 
of 600 pounds per acre of K20 were made for 5 years. 
Regression analyses showed strong positive relationships between ex-
changeable soil K levels at each sampled depth and forage yields, K 
concentrations in forage, and K uptakes by forage. In addition, forage 
yields were strongly related to K concentrations in forage and K uptakes 
by forage. 
Maximum forage production occurred when exchangeable soil K level 
at 0- to 6-inch and 6- to 12-inch depth was 50 and 130 ppm, respectively. 
Cropping the soil for 1 year with Coastal bermudagrass in absence of 
K fertilizer application lowered exchangeable soil K to levels that would 
seriously limit hay yield potential of the grass in subsequent years . In 
addition, the stand the following spring declined to levels that would also 
limit hay yield potential. 
Across years 1981 to 1986, stand persistence in the spring was posi-
tively (P<.01) related to K concentrations in forage harvested at the end 
of each cropping season. Stand recovery maximized when forage K con-
centration was 2.10 percent. 
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Appendix Table A.-Regression equations for dependent variable M and inde-
pendent variable (X), R2 value, probability of significance (p), and number of ob-
servations (n) 
Regression equation R2 p n 
I. Stand loss, recovery, persistence 
K20 
treatment Y = stand density, % X = years 
lb/A 
0 Y = 54.7 - 6.4X .19 "".03 24 
100 Y = 37.2 + 21.4X - 2.7X2 .53 "" .0001 72 
200 Y = 45.2 + 22.7X - 3.0X' .62 "" .0001 72 
400 Y = 45.8 + 25.4X - 3.5X2 .72 '°" .0001 72 
600 Y = 48.5 + 23.3X - 3. l X' .68 "".001 72 
II . Forage yields 
K20 
treatment Y = forage yield, lb/A X = years 
lb/A 
0 Y = 12,348 - l ,715X .47 "".0001 20 
100 Y = 12,873 - 382X .06 >.05 60 
200 Y = 13,612 - llOX .004 > .05 60 
400 Y = 14,168 + 20X .001 >.05 60 
600 Y = 14,611 + 113X .003 >.05 60 
Ill. Nutrient concentrations in forage 
A. Y = K cone., lb/lb X = N cone., lb/lb 
Y = .Olln + .208X .021 "".0001 988 
B. Y = K cone., lb/lb X = P cone., lb/lb 
Y = .01155 + 2.186X .025 "".0001 988 
c. Y = K cone., lb/lb X = Ca cone. , lb/lb 
Y = .00726 + 4.569X - 547.45X' .007 "".0001 988 
D. Y = K cone., lb/lb X = Mg cone., lb/lb 
Y = .01121 + 10.671X - 3851.25X' .17 "".0001 988 
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Appendix Table A.~ontinued 
Regression equation R' p n 
IV. Forage yield and nutrient concentrations 
A. Y = forage yield, lb/A X = K cone. , lb/lb 
Y = 1655 + 191030X - 4342086X2 .08 .,.,0001 988 
B. Y = forage yield, lb/A X = N cone., lb/lb 
Y = 8974 - 317249X + 3101408X2 .32 .,. ,0001 988 
c. Y = forage yield, lb/A X = P cone., lb/lb 
Y = - 1965 + 5351992X - 1258869897X2 . 11 .,..0001 988 
D. Y = forage yield, lb/A X = Co cone. , lb/lb 
Y = 6250 - 813949X + 22381898X2 .14 .,..0001 988 
E. Y = forage yield, lb/A X = Mg cone. , lb/lb 
y = 2428 + 2040()46)( - 727383972X2 .15 .,..0001 988 
v. Nutrient uptake 
K,O 
A. treotmentY = K uptake, lb/A X = years 
lb/A 
0 y = 145.5 - 59.2X + 8.2X' .49 .,..003 20 
100 y = 164.5 - 12.4X .23 .,.,0001 60 
200 Y = 196.7 - 0.9X .001 >.05 60 
400 Y = 254.7 + 13.8X .10 .,.,01 60 
600 Y = 296.2 + 14.0X .07 .,. .03 60 
B. Y = K uptake, lb/A X = N uptake, lb/A 
y = 
- 18.27 + 1.026X .56 .,. .0001 988 
c. Y = K uptake, lb/A X = P uptake, lb/A 
Y = - 3.81 + 18.193X .51 .,.,0001 988 
D. Y = K uptake, lb/A X = Co uptake, lb/A 
Y = - 29.85 + 9.298X - .169X2 .50 .,.,0001 988 
E. Y = K uptake, lb/A X = Mg uptake, lb/A 
Y = - 22. 18 + 20.393X - 1.087X2 .28 .,.,0001 988 
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Appendix Table A.-<:ontinued 
Regression equation R2 p n 
VI. Forage yield and nutrient uptake 
A. Y = forage yield, lb/A X = K uptake, lb/A 
Y = 1067 + 58.2X - .23X2 .61 "".0001 988 
a. Y = forage yield, lb/A X = N uptake, lb/A 
Y= -787 + 71.5X - .19x2 .78 "".0001 988 
c. Y = forage yield, lb/A X = P uptake, lb/A 
Y= - 153 + 606.2X -15.29X2 .78 "".0001 988 
D. Y = forage yield, lb/A X = Co uptake, lb/A 
Y = - 880 + 458.4X - 8.44X2 .79 "".0001 988 
E. Y = forage yield, lb/A X = Mg uptake, lb/A 
Y= - 324 + 818.7X - 32.78X2 .65 "" .0001 988 
VII. Nutritive value 
A. Y = K cone., lb/lb X = CP cone., lb/lb 
Y = .01177 + .0130X .03 "".0001 988 
B. Y = forage yield, lb/A X = CP cone., lb/lb 
Y = 8974 - 50759X + 79401X2 .32 "" .0001 988 
c. Y = K uptake, lb/A X = CP yield, lb/A 
y = 
-18.3 + . 16X .58 "".0001 988 
D. Y = forage yield, lb/A X = CP yield, lb/A 
Y = 7.1 + 7.38X .77 "".0001 988 
E. Y = K cone. , lb/lb X = IVDDM cone. , lb/lb 
y = 
- .0295 + .0842X .18 .., .0001 988 
F. Y = forage yield, lb/A X = IVDDM cone., lb/lb 
Y = - 23755 + 111542X - 112645X' .13 .., .0001 988 
G. Y = K uptake, lb/A X = DOM yield, lb/A 
Y = - 15.3 + .0394X .63 "".0001 988 
H. Y = forage yield, lb/A X = DOM yield, lb/A 
y = 
- 78.8 + 1.889X .98 .., .0001 988 
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Appendix Table A.-continued 
Regression equation R' p n 
VIII. Fiber components and cell contents 
A. Y = K cone., lb/lb X = NDF cone., lb/lb 
y = .0640 - .06708X .12 E;.0001 572 
B. Y = K cone. , lb/lb X = ADF cone., lb/lb 
y = . 0398 - . 06978X .06 E;.0001 572 
c. Y = K cone., lb/lb X = All cone., lb/lb 
Y = .0391 - .5243X .27 E;,0001 244 
D. Y = forage field, lb/A X = NDF cone., lb/lb 
Y = -5635 + 12831X .14 E;.0001 572 
E. Y = forage yield, lb/A X = ADF cone., lb/lb 
Y = - 7194 + 31949X .39 E;.0001 572 
F. Y = forage yield, lb/A X = All cone. , lb/lb 
Y = - 19299 + 1045070X - 11643950X2 .59 E;.0001 244 
G. Y = forage field , lb/A X = CC cone., lb/lb 
Y = -81916 + 599348)( - 1°"'5064X2 .41 E;.0001 244 
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Appendix Table A-continued 
Regression equation R' p n 
IX. Responses lo soil K and residual fertil izer potassium 
A. Y = forage yield, lb/A X = soil K, ppm 0- to 6-in depth 
Y = 1177 + 94.3X - .91X' .57 .. . 0001 244 
8. Y = forage yield, lb/A X = soil K, ppm 6- to 12-in. depth 
Y = 1968 + 29.8x - . lOX' .42 ... 0001 244 
c. forage yield, lb/A X = soil K, ppm 0- lo 12-in. depth 
Y = 1668 + 49.6X - .28X' .51 .. . 0001 244 
D. Y = i< cone. , lb/lb X = soil K, ppm 0- lo 6-in. depth 
Y = .000366 + .00060X - 0000049X2 .68 .. . 0001 224 
E. Y = K cone. , lb/lb X = soil K, ppm 6- to 12-in. depth 
Y = .00525 + .00022X - .0000007X' .51 ... 0001 224 
F. Y = K cone. , lb/lb X = soil K, ppm 0- lo 12-in. depth 
Y = .00325 + .00034X - .0000017X2 .61 ... 0001 224 
G. Y = K uptake, lb/A X = soil K, ppm 0- lo 6-in. depth 
Y = - 11.33 + 2.47X - .0199X2 .73 ...0001 224 
H. Y = K uptake, lb/A X = soil K, ppm 6- lo 12-in. depth 
y = 8.01 + .96X - .0031X2 .57 ...0001 224 
I. Y = K uptake, lb/A X = soil K, ppm 0- to 12-in. depth 
y = 
- .36 + 1.49X - .0074X' .68 ... 0001 224 
J. Y = forage yield, lb/A X = cone. , lb/lb 
Y = 579.9 + 311770X - 8417386X' .54 .. . 0001 224 
K. Y = forage yield, lb/A X = K uptake, lb/A 
Y = 1409 + 56.55X - .3413X' .73 ... 0001 224 
L. Y = stand density, % X = K cone., % 
Y = - 16.7 + 109.04X - 26.64X' .59 ... 0001 78 
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